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expansion cone segments 225 and a tapered cone body 215g for increasing the outside diameter of the 
expansion cone segments. The expansion cone segments 225 are driven up the tapered portion 215g 
either by frictionai forces exerted by drag blocks 235 and 255 on the expandable tubular member 120 or 
by the engagement of a resilient collet or resilient dogs with the lower end of the expandable tubular 
mennber 120. Packer cup assemblies 240 and 250 seal off an annular region between the expandable 
tubutar member 120 and the tubular support member 215. The tubular support member 205 is locked to 
the tapered cone body 215g during insertion of the apparatus 200 Into the tubular member 120. After 
moving the cone segments 225 and cone body 215g out of the far end of the tubular member, they are 
reinserted into the tubular member and the cone tK>dy 215g is unlocked from the tubular support member 
205. 




GB 2406119 A continuation 



r74) Agent and/or Address for Service: 
HMttbioLflke&Co 
Raddiff Quey, 120 Reddlff Street 
BRISTOL. BS1 6HU. United Kingdom 




1/B7 




2/87 




3/87 




4/87 



Fig. Id 



SA7 





6/87 




7/87 




8/87 




9/87 




Fig- 2 



1U87 




12/87 




13^7 




14/87 




lS/87 




16/87 





17/87 




18/87 




19/87 




20/87 




21/87 




22/87 




23/87 




24/87 




25/87 




27/87 




28/87 




29/87 




30/87 




31/87 




dim 




3M1 




34/87 




35/87 




36/87 




37/87 




38/87 




39/87 



9 



s 



40/87 





41/87 




42/87 




43/S7 




44^ 




45/87 




47787 




48/87 




50^ 




51/87 




52/87 




53/87 




54/87 




56/87 




57«7 




58/87 




59/87 




o 



60/87 




61/B7 




62/87 




63/87 




64/S7 




6SJS7 




6M7 




67/S7 




6M7 




69/87 




71/87 




71/87 




73/87 




74«7 




7S«7 




74/87 




77/87 




78/87 



/ 



900 



926 




Fig. 18b 



920i 



79/87 



906b 



905bc 



Fig. 18c 




MSbb 



905bc 



SOSbcaa 



905bcaf 



216gl 



Fig. 18d 




905bcab 



MSbeae 



905beafi 



80/87 



900 

\ 




Fig. 19a 



81/87 



900 




Rg. 19b 



82/87 



1000 

\ 



Fig. 20a 



1000a- 
1000c- 

lOOOe — H- 



-1000b 
-lOOOd 
-lOOOf 



1100 

\ 



Fig. 20b 



1100a- 
llOOe- 

llOOe- 



-1100b 

-llOOd 
-llOOf 



1200 

\ 



1200a- 



1200c- 



1200e- 



-1200b 

-1200d 
-1200f 



Fig. 20c 



&»87 



1300 



\ 



ne.20d 



1400 

\ 



Fig. 20e 



1300a- 
1300e. 

1300e- 



1400a- 



1400c- 



1400e- 



-130Db 
-1300d 

-1300f 



-1400b 

-1400CI 
-1400f 



1500 

\ 



ng.2W 



ISOOa- 



ISOOe- 



ISOO* 




-1500b 



>1500d 



ISOOf 



»M7 



1600 



Flg.209 



1600a 




1600b 



1600d 



1600f 



1700 

\ 



Hg. 20h 



1800 

\ 



Fig. 20i 



1700a- 



1700c- 
1700e- 



1800a- 

1800c- 
1800e- 



-1700b 
-1700d 
-1700f 



-1800b 



-1800d 



■1800f 



85/87 



1900 

\ 



1900a- 
1900c- 

1900e- 



Fig. 20J 



-1900b 
-1900(1 

-1900f 



2000 



\ 



Fig. 20k 




2000e 



2000b 



2000d 



2000f 



2100 

\ 



ng.201 




86/87 



2200 

\ 



2200a- 



2200c- 



2200e- 



-2200b 
-2200d 
-2200f 



,20m 



87/87 



2406119 



1 

ADJUSTABLE EXPANSION CONE ASSEMBLY 
Cross Reference To Related Applications 

This application claims the benefit of the filing date of U.S. provisional patent 
application serial no. 60/31 8.021 , attorney docket no. 25791 .58, filed on 9/7/2001 , the 

5 disdosure of which is incorporated herein by reference. 

Thte application is related to the following: (1 ) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7,02, filed on 2/23/2000. 
(3) U.S. patent appticatbn serial no. 09/502,350, attorney docket no. 25791.8.02, filed 

10 on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney dodcet no. 
25791.9.02, filed on 11/15/1999, (5) U.S. patent applicatton serial no. 09/523,460, 
attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512.895. attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 2/24/2000. 

15 (8) U.S. patent appHcation serial no. 09/588.946, attorney docket no. 25791 .17.02. filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney docket no. . 
25791 .23.02, filed on 4/26/2000, (1 0) POT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 
provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed 

20 on 1 1/1/1999^ (12) U.S. provisional patent application serial no. 60/154.047, attorney 
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082. attorney docket no. 25791.34. filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, filed 
on 10/12/1999, (15) U.S. provisional patent applicatton serial no. 60/159,033, attorney 

25 docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 
no. 60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional 
patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 
11/12/1999, (18) U.S. provistonal patent application serial no. 60/221,443, attorney 
docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent application serial 

30 no. 60/221 ,645, attorney docket no. 25791 .46, filed on 7/28/2000, (20) U.S. provistonal 
patent applk:ation serial no. 60/233,638, attorney docket no. 25791 .47, filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334. attorney 
docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisk)nal patent application serial 
no. 60/270,007. attorney docket no. 25791 .50, filed on 2/20/2001 ; and (23) U.S. 

35 provistonal patent application serial no. 60/262,434, attorney docket no. 25791 .51 . filed 
on 1/17/2001, the disclosures of which are incorporated herein by reference. 
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Background of the Invention 

This invention relates generally to wellbore casings, and in particular to vyfellt)ore 
casings that are fonned using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in 

5 the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the formation or inflow of fluid from the fomnation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a prevbusly installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower inten/al is of 

10 smaller diameter than the casing of the upper inten^l. Thus, the casings are in a 

nested anrangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
ia relatively large borehole diameter is required at ttie upper part of the wellt)ore. Such 

15 a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bite and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in ttie course of the well, and ttie large volume of cuttings drilted and 

20 removed. 

The present invention is directed to overcoming one or more of the limitetions of 
the existing procedures for forming new sections of casing in a wellbore. 

Summary of the Invention 
According to one aspect of tiie present invention, an apparatus for radially 

25 expanding a tubular member is provided tt^at Includes a tubular support member tiiat 
includes a first tubular support body defining a longitudinal passage, a first lug coupled 
to and extending from the first tobuter support body in the radial direction, a second lug 
coupled to and extending from the first tubular support body in the radial direction, and 
an expansion cone support body coupled to the first tubular support body. The 

30 expansion cone support body includes an N-sided tepered tubular support member, 
wherein each side of the mutti^ided tepered tubular support member defines a T- 
shaped slot N expansion cone segmente are movably coupled to the expansion cone 
support body, each including an expansion cone segment body including arcuate 
conical outer surfaces, a first T-shaped retelning member coupled to the expanston 

35 cone segment body for movably coupling ttie expansion cone segment body to a 
corresponding one of the T*shaped siote of the expansion cone support body, and a 
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second T-shaped retaining member coupled to the expansion cone segment body. A 
split ring collar assembly Is nrmably coupled to the exterior of the tubular support 
member that includes a second tubular support body defining N T-shaped slots for 
movably receiving corresponding ones of the second T-shaped retaining members of 
5 the expansion cone segments, and an L-shaped retaining member coupled to tfie 
second tubular support body. A first drag block assembly is movably coupled to the 
tubular support member that includes a first drag block body defining a slot for 
receiving and mating with the L-shaped retaining member of the split ring collar, and a 
first J-shaped stot for receiving the firet lug, and one or nnore first drag blocks coupled 

10 to the first drag block body. A second drag block assembly is movably coupled to the 
tubular support member that includes a second dreg block body defining a second J- 
shaped slot for receiving the second lug, and one or more second dreg blocks coupled 
to the second drag bk>ck body. Firet and second packer cups are coupled to the 
tubular support member between the first and second drag block assemblies. 

1 5 According to another aspect of the present invention, an apparatus for radially 

expanding a tubular member is provided that includes a tubular support member tliat 
includes a first tubular support body defining a longitudinal passage, a first flange 
coupled to the first tubular support body, a second flange coupled to the firet tubular 
support body, a first tapered flange coupled to the first tubular support body, a second 

20 tapered flange coupled to the first tubular support body, and an expansion cone 
support body coupled to the firet tubular support body. The expansion cone support 
body includes an N-sided tapered tubular support member, wherein each side of the 
muithsided tapered tubular support memt)er defines a T-shaped slot. N expansion 
cone segments are movat>ly coupled to the expansion cone support body, each 

25 Including an expanston cone segment body including arcuate conical outer surfaces, a 
firet T-shaped retaining memi>er coupled to the expansbn cone segnr>ent body for 
movably coupling the expansk>n cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support body, and a second T-shaped retaining 
member coupled to tte expartsion cone segment body. A split nng collar Is movat>ly 

30 coupled to the exterior of the tubular support member that includes a second tubular 
support body th^ defines N T^haped slots for movably receiving corresponding ones 
of the second T-shaped retaining memt)ere of the expansion cone segments, and an L- 
shaped retaining member coupled to the second tubular support body. A first collet 
assembly is movably coupled to the tubular support member that includes a first tubular 

35 sleeve that defines a slot for receiving and mating with the L-shaped retaining member 
of the split ring collar, a first counterbore for receiving the first flange, and a firet radial 
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passage, a first spring received within the first countert>ore, a first retaining ring 
received within the first oountert>ore. a first load transfer pin coupled to the first 
retaining ring and extending through the first radial passage, a second tubular sleeve 
coupled to the first load transfer pin, a first resilient coilet coupled to the second tubular 

5 sleeve and positioned above the first tapered flange, and a third tubular sleeve coupled 
to the first resilient collet. A second collet assembly is movably coupled to the tubular 
support mennber that includes a fourth tubular sleeve that defines a second 
counterbore for receiving the second flange, and a second radial passage, a second 
spring received within the second counterbore, a second retaining ring received within 

10 the second counterbore, a second load transfer pin coupled to the second retaining 
ring and extending through the second radial passage, a fifth tubular sleeve coupled to 
the second load tranisfer pin. a second resilient collet coupled to the fifth tubular sleeve 
and positioned above the second tapered flange, and a sixth tubular sleeve coupled to 
ttie second resilient collet First and second packer.cups coupled to the tubular support 

1 5 member between the first arid second collet assemblies. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that Includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first radial 
passage defined in the first tubular support body fluidicly coupled to the longitudinal 

20 passage, a first flange coupled to the first tubular support body, a second flange 
coupled to the first tubular support body, a first tapered flange coupled to the first 
tubular support body, a second tapered flange coupled to the first tubular support body, 
and an expansion cone support body coupled to the first tubular support body. The 
expansion cone support body includes an N-sided tapered tubular support member, 

25 wherein each side of the multi-sided tapered tubular support member defines a T- 
shaped slot N expansion cone segments are movably coupled to the expansion cone 
support body, each including an expansion cone segment body including arcuate 
conical outer surfaces, a first T-shaped retaining mennber coupled to the expansion 
cone segment body for movably coupling the expansion cone segment body to a 

30 corresponding one of the T-shaped slots of the expanston cone support body, and a 
second T-shaped retaining nnember coupled to the expansion cone segment body. A 
split ring collar is movably coupled to the exterior of the tubular support member that 
includes a second tubular support body that defines N T-shaped slots for movably 
receiving corresponding ones of the second T-shaped retaining members of the 

35 expansion cone segments, and an L-shaped retaining member coupled to the second 
tubular support body. A first dog assembly is movably coupled to the tubular support 
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member that includes a first tubular sleeve that defines a slot for receiving and mating 
with the L-shaped retaining member of the split ring collar, a first counterbore for 
receiving the first flange, and a second radial passage, a first spring received within the 
first countert>ore, a first retaining ring received within the first counterii>ore, a first load 

5 transfer pin coupled to the first retaining ring and extending through the second radial 
passage, and a second tubular sleeve coupled to the first load transfer pin that defines 
a second countertore for receiving the first tubular sleeve, a first resilient dog coupled 
to the second tubular sleeve and positioned adjacent to the first tapered flange. A 
second dog assembly Is movably coupled to the tubular support member that irududes 

10 a third tubular sleeve that deflnes a s^ond counterbore for receiving the second 
flange, a third radial passage, and a fourth radial passage fluididy coupled to the first 
radial passage, a second spring received within the. second counteribore. a second 
retaining ring received within the second counterbore, a second load transfer pin 
coupled to the second retaining ring and extending through the third radial p9ssage, a 

1 5 fourth tubular sleeve coupled to the second load transfer pin, and a second resilient 
dog coupled to the fourth tubular sleeve and positioned adjacent to the second tapered 
flange. Rrst and second packer cups are coupled to the tubular support member 
between the first and second dog assemblies. 

According to another aspect of the present invention, an apparatus for radially 

20 expanding a tubular member is provided that includes a tubular support memt>er that 
includes a first tubular support body defining a longitudinal passage including a throat 
passage, a first radial passage defined in the first tubular support body fluididy coupled 
to the longitudinal passage, a first flange coupled to the first tubular supped body, a 
second flange coupled to the first tubular support body that defines a second radial 

25 passage defined in the second flange fluididy coupled to the longitudinal passage, a 
tapered flange coupled to the first tubular support body, and an expan^n cone 
support body coupled to the first tubular support body. The expansion cone support 
body indudes an N-skled tapered tubular support member, whereiri each side of the 
multi-sided tapered tubular support member defines a T-shaped slot N expansbn 

30 cone segments are movably coupled to the expansion cone support body, each 

induding an expansion cone segment body indudihg arcuate conical outer surfaces, a 
first T-shaped retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a cormponding one of the T- 
shaped slots of the expansion cone support body, and a second T-shaped retaining 

35 member coupled to the expansion cone segment body. A split ring collar is movably 
coupled to the exterior of the tubular support member that indudes a second tubular 
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support body that defines N T-shaped slots for movably receiving corresponding ones 
of the second T-shaped retaining members of the expansion cone segnr^nts. and an L- 
shaped retaining member coupled to ttie second tubular support body. A dog 
assembly is movably coupled to the tubular support member that includes a first tubular 

5 sleeve that defines a slot for receiving and mating with the L-shaped retaining member 
of the split ring collar, a first counterbore for receiving the first flange, and a third radial 
passage, a spring received within the first countert)ore, a retaining ring received v^thin 
the first countertK>re, a load transfer pin coupled to the retaining ring arid extending 
through the third radial passage, a second tubular sleeve coupled to the first load 

1 0 transfer pin that defines a first counterbore for receiving the first tubular sleeve, a 
second counterbore for receiving and mating with the tapered flange, and includes a 
third flange that defines a third counterix»re for receiving the second flange, a fourth 
countertiore for receiving the second flange, and a fourth radial passage, and a 
resilient dog coupled to the second tubular sleeve and positioned adjacent to the 

1 5 tapered flange. First and second packer cups are coupled to the tubular support 
member between the resilient dog and the third flange. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a tutnilar support member that includes a 
tubular support body and an expansion cone support body coupled to the tubular 

20 support body. The expansion cone support body includes an N-sided tapered tubular 
support member, wherein each side of the multi-sided tapered tubular support member 
defines a T-shaped slot. N expansion cone segments are movably coupled to the 
expansion cone support body, eac^ including an expansion cone segment body 
including arcuate conical outer surfaces, a first T-shaped retaining member coupled to 

25 the expansion cone segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the expansion cone support 
body, and a second T-shaped retaining member coupled to the expansion cone 
segment body. A split ring collar is movably coupled to the exterior of the tubular 
support member that includes a second tubular support body that defines N T-shaped 

30 stots for movably receiving conresponding ones of the second T-shaped retaining 
memt>er5 of the expansion cone segments, and an L-shaped retaining member 
coupled to the second tubular support body. A tubular actuating sleeve is movably 
coupled to the tubular support member that includes a third tubular support body that 
defines a slot for receiving and mating with the L-shaped retaining memt)er of the split 

35 ring collar. 
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According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that indudes a tubular support member that includes a first 
tubular support body, and an expansion cone support body coupled to the tubular 
support body. The expansion cone support body includes a tapered tubular support 

5 member defining N stepped slots. An expansion cone assembly is movably coupled to 
the tubular support member that includes a second tubular support body nfK)vably 
coupled to the first tubular support body defining an L*shaped slot and N expansion 
cone segmehts extending from the second tubular support member. Each expansion 
cone segment includes a resilient collet coupled to the second tubular support member, 

10 an expansion cone segmmt tKxly coupled to the resilient collet including arcuate 
conical outer surfaces, and a retaining member coupled to the expansion cone 
segment body for movably coupling the expansion cone segnfient body to a 
corresponding one of the stepped slots of the expansion cone support body. A split 
ring collar is movably coupled to the exterior of the tybular support member that 

15 includes a third tubular support body, a first L-shaped retaining member coupled to the 
third tubular support body for mating with the L-shaped sbt of the second tubular 
support body of the expansion cone assembly, and a second L^haped retaining 
member coupled to the third tubular body. A tubular actuating sleeve is movably 
coupled to the tubular support member that includes a third tubular support body that 

20 defines a slot for receiving and mating with the second L-shaped retaining niember of 
the split ring collar. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a tubular support member that includes a first 
tubular support body, and an expansion cone support body coupled to the tubular 

25 support body. The expansion cone support body includes a tapered tubular support 
member defining N slots. An expansion cone assembly is movably coupled to the 
tubular support member that includes a second tubular support body movably coupled 
to the first tubular support body defining an L-shaped slot, and N expansion cone 
segments extending from the second tubular support member. Each expansion cone 

30 segment includes a resilient collet coupled to the second tubular support member, an 
expansion cone segment body coupled to the resilient collet including arcuate conical 
outer surfaces, and a retaining member coupled to the expansion cone segment body 
for movably coupling the expansion cone segment body to a corresponding one of the 
slots of the expansion cone support body. A split ring collar is movably coupled to the 

35 exterior of the tubular support member that includes a third tubular support body, a first 
L-shaped retaining member coupled to the third tubular support body for mating with 
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the L-shaped slot of the second tubular support body, and a second L-shaped retaining 
member coupled to the third tubular support body. A tubular artuating sleeve is 
movaWy coupled to the tubular support member that includes a third tubular support 
body that defines a slot for receiving and mating with the second L-shaped retaining 
5 member of the split ring collar. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that Includes a tubular support member thai includes a first 
tubular support body, and an expansion cone support body coupled to the tubular 
support body. The expansion cone support body includes a tapered tubular support 

10 member defining N slots. An expansion cone assembly is movably coupled to the 
tubular support member that Includes a second tabular support body movably coupled 
to the first tubular support body defining an L-shaped slot, N/2 first expansion cone 
segments extending from the second tubular support memt)er, and N/2 second 
expansim cone segments extending from the second tubular member. Each first 

15 expansioi cone segment includes a first resilient cdlet coupled to the second tubular 
support member, a first expansion cone segment body coupled to the resilient collet 
including arcuate conical outer sivteoes, and a first retaining member coupled to the 
expansion cone segment body for movably coupling the expansion cone segment body 
to a corresponding one of the slots of the expansion cone support body. Eadi second 

20 expansion cone segment includes a second resilient collet coupled to the second 
tubular support member, a second expansion cone segnieht body coupled to the 
resilient collet Including arcuate conical outer surfaces, and a second retaining member 
coupled to the expansion cone segment body for movably coupling the expansion cone 
segment body to a conresponding one of the slots of the expansion cone support body. 

25 The second expansion cone segments overtap and are interteaved with the first 

expansion cone segments. A split ring collar is nfX)vably coupled to the exterior of the 
tubular support member that indudes a third tubular support body, a first L-shaped 
retaining n^ember coupled to the third tubular support body for mating with L-shaped 
slot of the second tubular support body, and a second L-shaped retaining member 

30 C0Lq>led to the third tubular support body. A tubular actuating sleeve is movably 

coupled to the tubular support member that includes a third tubular support body that 
defines a slot for receiving and mating with the second L-shaped retaining member of 
the split ring collar. 

According to another aspect of the present invention, an adjustable expansion 
35 cone assembly is provided that includes a tubular support member that Includes a first 
tubular support body, and an expansion cone support body coupled to the first tubular 
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support body. The expansion cone support body includes an N-sided tapered tubular 
support member, wherein each side of the mult^skled tapered tubular support member 
defines a T-shaped slot N/2 first expansion cone segments are movably coupled to 
the expansion cone support body, each Including a first expansion cone segment body 
5 including arojate conical outer surfaces, a first T-shaped retaining member coupled to 
the first expansion cone segment body for movably coupling the first expansion cone 
segment body to a corresponding one of the T-shaped slots of the expansion cone 
support body, and a second T-shaped retaining member coupled to the first expansion 
cone segment body. N/2 second expansion cone segments are also movably coupled 

10 to the expansion cone support body, each including a second expansion cone segment 
body including arcuate conical outer surfaces, a third T-shaped retaining member 
ooupt^ to the second expansion cone segment body for movably coupling the second 
expansion cone segment body to a corresponding one of the T-shaped slots of the 
expansion cone support body, and a fourth T-shaped retaining member coupfed to the 

15 expansion cone segment body. The first and second expansion cone segments are 
interleaved. The first expansion cone segment bodies are complementary shaped with 
respect to the second expansion cone segment bodies. A split ring collar assembly Is 
movably coupled to the exterior of the tubular support member that includes a second 
tubular support body that deTines N T-shaped slots for movably receiving 

20 corresponding ones of the second and fourth T-shaped retaining members of the 
interleaved first and second expansion cone segments, aruJ an L-shaped retaining 
member coupled to the second tubular support body. A tubular actuating sleeve 
movably coupled to the tubular support member that includes a third tubular support 
body that defines a slot for receiving and mating with the L-shaped retaining member of 

25 the split ring collar. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first lug coupled 
to and extending from the first tubular support body in the radial direction, and a 

30 second lug coupled to and extending iiom the first tubular support body In the radial 
direction. An adjustable expansion cone assembly is movably coupled to the tubular 
support member. A first drag block assembly Is movably coupled to the tubular support 
member that includes a first drag blodc body coupled to the adjustable expansion cone 
assembly that defines: a first J-shaped slot for receiving the first lug, and one or tnom 

35 first drag blocks coupled to the first (Srag block body. A second drag bkxdc assembly is 
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movably coupled to the tubular support member that includes a second drag, block 
body that defines: a second J-shaped slot for receiving the second lug, and 
one or more second drag blocks coupled to the second drag block body. First and 
second packer cups are coupled to the tubular support niember between the first and 
5 second drag block assemblies. 

According to another aspect of the present inventton, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first flange 
coupled to the first tubular support body, a second flange coupled to the first tubular 

1 0 support body, a first tapered flange coupled to the first tubular support body, and a 
second tapered flange coupled to the first tutnitar support body. An adjustable 
expansion cone assembly' is movably coupled to the tubular support member. A first 
collet assennbly is movably coupled to the tubular support member that includes a first 
tubular sleeve coupled to the adjustable expanston cone assembly and defines a first 

1 5 countert)ore for receiving the first flange, and a first radial passage, a first spring 
received within the first counterbore, a first retaining ring received v\^in the first 
countert>ore, a first load transfer pin coupled to the first retaining ring and extending 
through the first radial passage, a second tubular sleeve coupled to the first toad 
transfer pin, a first resilient collet coupled to the second tubular sleeve and positioned 

20 above the first tapered flange, and a third tubular sleeve coupled to the first resilient 
collet. A second collet assembly is movably coupled to the tubular support member 
that includes a fourth tubular sleeve that defines: a second countertx)re for receiving 
the second flange, and a second radial passage, a second spring received within the 
second countertx>re, a second retaining ring received within the second counterbore, a 

25 second bad transfer pin coupled to the second retaining ring and extending through 
the second radial passage, a fifth tubular sleeve coupled to the second load transfer 
pin, a second resilient collet coupled to the fifth tubular sleeve and positioned above 
the second tapered flange, and a sixth tubular sleeve coupled to the second resilient 
collet First and second packer cups are coupled to the tubular support member 

30 between the first and second collet assemblies. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first radial 
passage defined in the first tubular support body fluidkdy coupled to the longitudinal 

35 passage, a first flange coupled to the first tubular support body, a second flange 
coupled to the first tubular support body, a first tapered flange coupled to the first 
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tubular support body, and a second tapered flange coupled to the first tubular support 
bwly. An adjustable expansion cone assembly Is movably coupled to ttie tubular 
support member. A first dog assembly is movably coupled to the tubular support 
member that includes a first tubular sleeve coupled to the adjustable expansion cone 
5 assembly that defines: a first countert)ore for recelvir^ the first flange, and a second 
radial passage, a first spring received within the first countert>ore. a first retaining ring 
received within the first oountertx)re, a first load transfer pin coupled to the first 
retaining ring and extending through the second radial passage, a second tubular 
sleeve coupled to the first load transfer pin that defines: a second counterbore for 

10 receiving the first tubular sleeve, a first resilient dog coupled to the second tubular 
sleeve and positioned adjacent to the first tapered flange. A second dog assembly is 
movably coupled to the tubular support member that includes a third tubular sleeve that 
defines a second countert)ore for receiving the second flange; 
a third radial passage, and a fourth radial passage fluidicty coupled to the first radial 

1 5 passage, a second spring received within the second countert>ore, e second retaining 
ring received within the second countert>ore, a second load transfer pin coupled to the 
second retaining ring and extending through the third radial passage, a fourth tubular 
sleeve coupled to the second load transfer pin. a second resilient dog coupled to the 
fourth tubular sleeve and positioned adjacent to the second tapered flange. First and 

20 second padcer cups are coupled to the tubular support member between the first and 
second dog assemblies. 

According to another aspect of the present Invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage including a throat 

25 passage, a first radial passage defined in the first tubular support body fluidicty coupled 
to the longitudinal passage, a first flange coupled to the first tubular support body, and 
a second flange coupled to the first tubular support body that defines: a second radial 
passage defined in the second flange fluidicty coupled to the longitudinal passage. An 
adjustable expansion cone assembly Is movably coupled to the tubular support 

30 member. A dog assembly is movably coupled to the tubular support member that 
includes a first tubular sleeve coupled to the adjustable expansion cone assembly that 
defines a first countert>ore for receiving the first flange, and a third radial passage, a 
spring received within the first countert>ore, a retaining ring received within the first 
countert)ore, a load transfer pin coupled to the retaining ring and extending through the 

35 third radial passage, a second tubular sleeve coupled to the first load transfer pin that 
defines: a first counteriK>re for receiving the first tubular sleeve, a second countert)ore 
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for reoeiving and mating with the tapered flange, and includes a third flange that 
defines a third countertxxe for receiving the second flange, a fourth counterfoore for 
receiving the second flange, and a fourth radial passage, and a resilient dog coupled to 
the second tubular sleeve and positioned adjacent to the tapered flange. First and 
5 second packer cups are coupled to the tubular support member between the resilient 
dog and the third flange. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member, an 
adjustable expansion cone assembly movably coupled to the tubular support member. 

1 0 and means for adjusting the adjustable ex(>ansion cone assembly. 

According to another aspect of the present invention, an adjustable expansion 
cone assenf)bly is provided that includes a tubular support memt>er. An adjustable 
expansion cone is movably coupled to the tubular support membw that includes a 
plurality of expansion o6ne segments, and means for guiding the expansion cone 

15 segments on the tubutar support member. The assembly further includes means for 
adjusting the adjustable expansion cone. 

Acconling to another aspect of the present invention, a method of operating an 
adjustable expansion cone assembly including a plurality of expansion cone segments 
is provided that includes guiding the expansion cone segments on a tapered body, and 

20 controllabiy displacing the expansion cone segments along the tapered body. 

According to another aspect of the present invention, a method of operating an 
adjustable expansion cone assembly including a plurality of expansion cone segments 
is provided that includes guiding the expansion cone segments on a multi-sided 
tapered body, interlocking the expianston cone segments, and controllabiy displacing 

25 the expansion cone segments along the tapered body. 

According to another aspect of the present invention, a method of operating an 
adjustable expansion cone assembly including a plurality of expansion cone segments 
is provMed that includes resilientiy guiding the expansk)n cone segments on a multi- 
sided tapered body, guMing each of the expansion cone segments on opposite sides in 

30 the circumferential direction, ihtertocking the expansion cone segments, and 
controllabiy displacing the expansion cone segments atong the tapered body. 

According to another aspect of the present invention, a method of operating an 
adjustable expansion cone assembly including a plurality of expanston cone segments 
is provkied that includes divkling the expansion cone segments into first and second 

35 groups of expanston cone segments* interleaving the first and second groups of 

expanston cone segments, overlapping the first and second groups of expansion cone 
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segments, resiliently guiding the expansion cone segnrients on a nnulthsided tapered 
txxly, guiding each of the expansion cone segments on opposite sides in the 
circumferential direction, and controllably displacing the expansion cone segments 
along the tapered l:Kxiy. 
5 According to another aspect of the present invention, a method of operating an 

adjustable expansion cone assembly including a plurality of expansion cone segments 
is provided that includes dividing the expansion cone segments into first and second 
groups of expansion cone segments, interleaving the first and second groups of 
expansion cone segments, guiding the expansion cone segments on a multi-sided 

10 tapered body, and controllably displacing the expansion cone segments along the 
tapped body while also relatively displacing the fvst and second groups of expansion 
cone segments in opposite directtons. 

According to another aspect of the present invention, a method of plastically 
defonrilng and radially expanding an expandable tubular member using an apparatus 

1 5 including a tubular support member, an adjustable expansion cone assembly movably 
coupled to the tubular support member, and an actuator movably coupled to the tubular 
support member for adjusting the adjustable expansion cone assembly, is provided that 
includes coupling a first end of the expandable tubular member to a tubular structure, 
locking the actuator to the tubular support member of the apparatus, inserting the 

20 apparatus into the first end of the expandable tubular member, moving the. actuator and 
the adjustable expansion cone assembly of the apparatus out of the second end of the 
expandable tubular member, reinserting the actuator of the apparatus into the second 
end of the expandable tubular member, unlocking the actuator from the tubular support 
member of the apparatus, rotating the actuator relative to the tubular support m^ber 

25 of the apparatus, and increasing the outside dianrieter of the adjustable expansion cone 
assembly by moving the tubular support member relative to the actuator, the adjustable 
expanston cone assembly and the expandable tubular member, and plastk:ally 
defonming and radially expanding the expandable tubular member by moving the 
adjustable expanston cone assembly through the expandable tubular member. 

30 According to another aspect of the present inventton, a method of plastically 

deforming and radi^ expanding an expandable tubular member using » apparatus 
induding a tubular support member, an ad^stable expansion cone assembly movably 
coupled to the tubular support member, and an actuator movably coupled to the tubular 
support member for adjusting the adjustable expanston cone assembly, is provided that 

35 includes coupling a first end of the expandable tubular member to a tubular stnicture, 
inserting the apparatus into the first end of the expandabto tubular member in a first 
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direction, displacing the actuator of the apparatus in a second direction opposite to the 
first direction, applying a resilient biasing force to the adjustable expansion cone 
assembly in the second direction, moving the actuator and the adjustable expansion 
cone assembly of the apparatus out of the second end of the expandable tubular 
5 member, reinserting the actuator of the apparatus into the second end of the 

expandable tubular member in the second direction, increasing the outside diameter of 
the adjustable expansion cone assembly by displacing the actuator and the adjustable 
expansion cone assembly relative to the expandable tubular member in the first 
direction, and plastically deforming and radially expanding the expandable tubular 

1 0 member by moving the adjustable expansion cone assembly through the expandable 
tubular member in the second direction. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provkied that includes a plurality of expansion cone segments, 
means for guiding the expansion cone segments on a tapered body, and means for 

1 5 controllably displacing the expansim cone segments along the tapered body. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for giddlng the expansion cone segments on a multi-sided tapered body, means 
for interlocking the expansion cone segments, and means for controHably displacing 

20 the expamion cone segments along the tapered body. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for resiliently guiding the expansion cone segments on a multi-sided tapered 
body, means for guiding each of the expansbn cone segments on opposite sides in the 

25 circumferential direction, means for inteiiocking the expansion cone segments, and 
means for controllably displacing the expansion cone segments along the tapered 
body. 

According to another aspect of the present Invention, an adjustable expansion 
oone assembly is provided that includes a plurality of expansion cone segments, 

30 means for dividing the expansion cone segments into first and second groups of 
expansion cone segments, means for interleaving the first and second groups of 
expansion cone segnnents, means for overlapping the first and second groups of 
expansion cone segments^ means for resiliently guiding the expansion oone segments 
on a muKi-sided tapered body, means for guiding each of the expansion cone 

35 segments m opposite sides in the drcumfermtial direction, and means for controllably 
displacing the expansion corie segments along the tapered body. 
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According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for dividing the expansion cone segments into first and second groups of 
expansion cone segments, means for interleaving the first and second groups of 
expansion cone segments, means for guiding the expansion cone segments on a multi- 
sided tapered body, and means for controllably displacing the expansion cone 
segments along the tapered body while also relatively displacing the first and second 
groups of expansion cone segments in opposite directions. 

According to another aspect of the present invention, an apparatus for 
plastically defonming and radially expanding an expandable tubular member is provided 
that includes a tubular support nfiember, an adjustable expansion cone assembly 
movab^ coupled to the tubular support member, means few actuating the adjustable 
expansion cone assenrri)ly. means for locking the actuator to the tubular support 
member of the apparatus, means for unlodung the actuator firom the tubular support 
member of the ^paratus. and means for increasing the outside dianrater of the 
adjustable expansion cone assembly by moving the tubular support member relathw to 
the actuator, the adjustable expansion cone assembly, and the expandable tubular 
member. 

According to another aspect of the present invention, an apparatus fca- 
plastically deformfrig and radially expanding an expandable tubular member is provided 
that includes a tubular support member, an adjustable expansion cone assembly 
movabty coupled to the tubular support member, means for actuating the adjustable 
expansion cone assembly, means for displacing the actuator of the apparatus in a first 
direction, means for applying a resilient biasing force to the adjustable expansion cone 
assembly when the actuator is displaced In the first directfon, and means for increasing 
the outside diarneter of the adjustable expansion cone assembly by displacing the 
actuator and the adjustable expansion cone assembly relative to the expandable 
tubular member in a second direction opposite to the first direction. 

Brief Description off the Drawings 

Figs. 1 and 1a-1d are fiagmentary cross-sectional views of an embodiment of 
the placement of an apparatus for radially expanding a tubular member within a tubular 
member vAMn a borehole within a subterranean fbnnation. 

Rg. 1 e is a cross-sectional view of an errrixxlinftent of the expansion cone 
support body of the apparatus of Figs. 1 and 1a-1d. 

Fig. if is a cross-sectional view of the expanston cone support body of Fig. 1e. 
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Fig. 1g is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs, 1 and 1a-1d. 

Rg. 1 h is a front view of the expansion cone segment of Fig. 1g. 

Fig. 1i is a top view of the expansfon cone segment of Rg. 1g. 

Rg. 1j is a top view of an emt)odiment of Interiocking expansion cone segments 
for use in the apparatus of Figs. 1 and 1a-1d. 

Fig. 1k is a top fragmentary drcumferential view of an embodiment of the 
coupling an-angement between the expansion cone segments and the split ring collar 
for use In the apparatus of Figs. 1 and la-Id. 

Figs. II and 1m are top schematic views of an embodiment of the coupling 
between the J-slots of the drag blocks and the lugs of the tubular support member of 
the apparatus of Figs. 1 and la-Id. 

Figs. 2 and 2a-2d are fragmentary cross-sectional illustrations of the apparatus 
of Figs. 1 and la-Id during the radial expansion of the tubular member witWn the 
borehole within the subterranean formation. 

Figs. 2e and 2f are illustratk>ns of an embodiment of the J-slots of the drag 
blocks and the lugs of the tubular support member of the apparatus of Figs. 2 and 2a- 
2d. 

Figs. 2g and 2h are Illustrations of an alternative embodiment of the J-slots of 
the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
and2a-2d. 

Figs. 3 and 3a-3c are fragmenlary cross-sectional illustratkms of an 
embodiment of the plac^ront of an apparatus for radially expanding a tubular member 
within a wellbore casing within a subterranean formation. 

F^. 3d is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 3 and 3a-3c. 

Rg. 3e is a cross-sectfonal view of the expansion cone support body of Rg. 3d. 

Fig. 3f is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 3 and 3a-3c. 

Fig. 3g is a front view of the expansion cone segment of Fig. 3f. 

Fig. 3h is a top view of the expansion cone segment of Fig. 3f. 

Fig. 3i Is a top view of an embodiment of Interiocking expansion cone segments 
for use In the apparatus of Figs. 3 and 3a-3c. 

Fig. 3j Is a top fragmentary circumferential view of an embodiment of the 
coupling arrangement between the expanston oone segments and the spilt ring collar 
for use in the apparatus of Figs. 3 and 3a-3c. 
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Figs. 4 and 4a-4d are fragmentary cross-sectional illustrations of an 
embodiment of the placement of the apparatus of Figs. 3 and 3a-3c including an 
expandable tubular member within an expandable tubular member within a 
subterranean fomnation. 
5 Figs. 5 and 5a-5d are fragmentary cross-sectional illustrations of an 

embodiment of the operation of the apparatus of Rgs. 4 and 4a-4d during the radial 
expansion of the expandable tubular member within the borehole within the 
subterranean fomiation. 

Figs. 6 and 6a-6d are fragmentary cross-seclional illustrations of an 
10 embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole within a subterranean fomiation. 

Fig. 66 is a aoss-sedionai view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 6 and 6a-6d. 

Rg. 6f is a cross-sectional view of the expansion cone support body of Fig. 6e. 
15 Fig. 6g is a side view of an embodiment of an expanston cone segment for use 

in the apparatus of Figs. 6 and 6a-6d. 

Fig. 6h is a front view of the expanston oone segment of Fig. 6g. 

Fig. 6i is a top view of the expansion cone segment of Rg. 6g. 

Rg. 6j is a top view of an embodiment of interiocking expansion cone segments 
20 for use in the apparatus of Figs. 6 and 6a-6d. 

Fig. 6k is a top fragmentary circumferential view of an embodiment of ttie 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 6 and 6a-6d. 

Figs. 7 and 7a-7c are fragmentary cross-sectional illustratior^s of an 
25 embodiment of the placement of the apparatus of Figs. 6 and 6a-6d including an 
expandable tubular member wittiln a borehole within a subtenanean fonnation. 

Figs. 8 and 8a-8d are fragmentary cross-sectional illustrations of an 
embodiment of the operation of the apparatus of Rgs. 7 and 7a-7d during the radial 
expanston of the expandable tubular member v^thin a borehole within a subterranean 
30 formation. 

Fq. 9 is a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly in an unexpended position. 

Rg. 9a is a cross sectional illustraUcm of the expanston oone assembly of Fig. 9. 
Fig. 1 0 is a fragmentary cross sectional illustratton of the expanston cone 
35 assembly of Rg. 9 in an expanded position. 
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Fig. 10a is a cross sectional illustration of the expansion cone assembly of Rg. 

10. 

Fig. 1 1 is a fragrpentary cross sectional Illustration of an emtKxJiment of an 
expansion cone assembly in an unexpanded position. 
5 Fig. 1 la is a cross sectional illustration of the expansion cone a$semt>ly of Fig. 

11. 

Fig. 12 is a fragmentary cross sectional illustration of the expansion cone 
assembly of Fig, 11 in an expanded position. 

Fig. 1 2a is a cross sectional illustration of Uie expansion cone assembly of Fig. 

10 12. 

Fig. 13 is a fragmentary cross sectional illustration of an ennbodiment of an 
expansion cone assembly In an unexpanded position. 

Fig. 13a is a cross sectionaf illustration of the expansion cone assembly of Fig. 

13. 

15 Fig. 1 3b b a fragrnentary top drcurnferential illustration of the expan^^ 

segment assembly of Fig. 13 that illustrates the interleaved sets of collets. 

Rg. 13c is a fragmentary cross sectional illustration of the interleaved collets of 
Fig. 13b. 

Rg. 14 is a fragmentary cross sedional illustration of the expansion cone 
20 assembly of Fig. 1 3 in an expanded position. 

Fig. 14a is a cross sectimal iliustration of the expansion cone assembly of Fig. 

14. 

Figs. 15 and 15a-15c are fragmentary cross-sectional illustrations of an 
eml)odiment of ttie placement of an apparatus for radially expanding a tubular member 
25 wittiin a borehole within a subtenranean formation. 

Fig. 15d is a cross-sectional view of an embodiment of ttie expansion cone 
support body of the apparatus of Figs. 1 5 and 1 5a-1 5c. 

Rg. 15e is a cm^sectional view of the expansion cone support body of Rg. 

15d. 

30 Fig. 1 5f is a side view of an embodiment of an expansion cone segment for use 

In the apparatus of Figs. 15 and 1Sa-15c 

Rg. 15g is a front view of the expansion cone segment of Fig. 15f. 

Fig. 1 5h is a top view of the expansion cone segment of Rg. 1 5f . 

Fig. 1 51 is a top view of an emixxJIment of interlocking expansion cone 
35 segments for use in the apparatus of Figs. 15 and 15a-15a 
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Fig. 15j is a top fragmentary cirojmferential view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 15 and 15a-15c. 

Figs. 16 and 16a-16c are fragmentary cross-sectional illustrations of an 
5 embodiment of the placement of the apparatus of Figs. 1 5 and 1 5a-1 5j including an 
expandable tubular member within a borehole within a subterranean formation. 

Figs. 17 and 17a-17c are fragmentary cross-sectional illustrations of an 
eml)odiment of the operation of the apparatus of Figs. 16 and 16d-16c during the radial 
expansion of the expandable tubular member within a borehole within a subterranean 
10 formation. 

Fig. 18a Is a cross sectional illustration of an embodiment of a segmented 
expanston cone assembly in an unexpanded position. 

Fig. 18b is a fragmentary circumferential top illustration of the expansion cone 
and split ring collar of Rg. 18a. 
15 Fig. 1 8c is a fragmentary cross-sectional illustration of the expansion cone 

support flange of the expansion cone assembly of Fig. 18a. 

Rg. 18d is a cross-sectional illustration of ttie expanston cone support flange of 
Fig. 18c. 

Fig. 19a is a cross sectional illustration of an embodiment of tiie segmented 
20 expansion cone assembly of Fig. 18a in an expanded position. 

Fig. 19b is a fragmentary circumferential top view of the expansion cone of Fig. 

19a. 

Figs. 20a-20m are top circumferential viev\^ of various altemative embodiments 
of intertocking expansion cone segment geometries. 
25 - Detailed Description of the Illustrative Embodiments 

Referring initially to Rgs. 1 and 1a-1d. an embodiment of an £4)parati£ and 
method for radially expanding a tubular member will now be described. As illustrated in 
Figs. 1 aiKl 1a*1d. a weHbore 100 is positioned in a subtenanean formation 105. In an 
exemplary embodiment, the wellt}ore 100 may include a pre-existing cased section 
30 110. The v^bore 100 may be posittorted in any orientation from vertical to horizontal. 

In order to extend the welibore 1 00 into the subterranean formatton 105, a drill 
string is used in a weH known nnanner to drill out material from Uie subterranean 
fomnation 1 05 to form a rraw vralltx>re section 115. in a inferred embodiment, the 
insMe diameter of the new wellt>ore section 1 15 is greater than or equal to tiie inside 
35 diameter of the preexisting welibore casing 110. 
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A tubular member 120 defining a passage 120a may then be positioned within 
the wellbore section 115 wltti the upper end 120b of the tubular niember coupled to the 
wellbore casing 110 and the lower end 12Cic of the tubular niember extending into the 
wellbore section. The tubular member 120 may be positioned within the wellbore 
5 section 115 and coupled to the wellbore casing 110 in a conventional manner. In a 
preferred embodiment, the tubular member 120 is positioned within ttie wellbore 
section 1 15 and coupled to the wellbore casing 1 10 using one or more of the methods 
and apparatus disclosed in one or more of the following: (1) U.S. patent application 
serial no. 09/454.139, attonroy docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. 

10 patent application serial no. 09^10,913, attorney docket no. 25791 .7.02. filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350. attorney docket no. 
25791.8.02. filed on 2/10/2000, (4) U.S. patent appBcation serial no. 09/440,338, 
attorney docket no. 25791 .9.02, filed on 1 1/1 5/1999, (5) U.S. patent applteaUon serial 
. no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 

15 applicatton serial no. 09/512,895, attorney docket no. 25791.1Z02. filed on 2/24/2000, 
(7) U.S. patent application serial no. 09/511,941, attorney docket no. 25791.16.02, filed 
on 2/24/2000, (8) U.S. patent appHcatkm serial no. 09/588,946, attomey docket no. 
25791.17.02, filed on 6/7/2000. (9) U.S. patent appiteatton serial no. 09/559,122, 
attomey docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT patent application serial 

20 no. PCT/USOO/1 8635, attomey docket no. 25791 .25.02. filed on 7/9/2000. (11) U.S. 
provisional patent application serial no. 60/162,871. attomey docket no. 25791.27, filed 
on 1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154.047, attomey 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent applicatton serial 
no. 60/159,082. attomey docket no. 25791 .34, filed on 1(^12/1999. (14) U.S. 

25 provisional patent application serial no. 60/1 59.039, attomey docket no. 25791 .36. filed 
on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159.033, attomey 
docket no. 25791.37. filed on 10/12/1999, (16) U.S. provisfonal patent application serial 
no. 60/212,359, attomey docket no. 25791.38, filed on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165.228. attomey docket no. 25791 .39. filed on 

30 11/12/1999. (18) U.S. provisional patent applicatton serial no. 60/221.443. attomey 
docket no. 25791 .45, filed on 7/28/2000, (19) U.S. fmvistond patent applk:atk>n serial 
no. 60/221 ,645, attomey docket no. 25791 .46, fOed on 7/28/2000. (20) U.S. provistonal 
patent application serial no. 60/233,638. attomey docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisiohal patent appBcatton serial no. 60/237,334, attomey 

35 docket no. 25791.48, filed on 10/2/2000, (22) U.S. provistonai patent appUcatton serial 
no. 60/270,007. attomey docket no. 25791.50. fited on 2/20/2001; and (23) U.S. 
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pro>4siona! patent application serial no. 60/^2,434, attorney docket no. 25791.51, filed 
on 1/17/2001; and (24) U.S. provisional patent application serial no. 60/259.486, 
attorney docket no. 25791.52, filed on 1/3/2001, the disclosures of which are 
incorporated herein by reference. 
5 As illustrated in Figs. 1 and la-Id, an apparatus 200 for radially expanding a 

tubular member may then be positioned in the new section 115 of the wellbore 100 
within the tubular member 120. The apparatus 200 includes a tubular support member 
205 defining an internal passage 205a that is coupled to an end of a tubular coupling 
210 defining an intennat passage 210a. The other end of the tubular coupling 210 is 

10 coupled to an end of a tubular support member 215 defining an internal passage 21 5a 
that includes a first li^ 215b, a radial passage 215c, a first flange 21 5d, a second 
flange 21 5e, a second lug 21 5f. and an expansion cone support body 21 5g. The other 
end of the tubular support member 215 is coupled to a tubular end stop 220 that 
defines a passage 220a. ^. 

1 5 As illustrated In Figs, le and If, the expansion cone support body 215g 

includes a first end 215ga, a tapered hexagonal portion 215gb that includes a plurality 
of T-shaped slots 215gba provMed on each of the external faceted surfeoes of the 
tapered hexagonal portion, and a second end 215ga In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portbn ranges from about 35 to 50 

20 degrees for reasons to be described. 

As illustrated in Figs. 1. la-Id, 1g, 1h, and 1i, a plurality of expansion cone 
segn>ents 225 are provided that include first ends 225a that include T-shaped retaining 
members 225aa and second ends 225b that include T-shaped retaining members 
225ba that mate with and are received within corresponding T-shaped stots 215gba on 

25 the tapered hexagonal portion 21 5gb of the expanston cone support body 21 5g. first 
external surfoces 225bb, second external surfaces 225bc, and third extemal surfaces 
225bd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
225 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 21 5gb of the expansion cone support body. 

30 In an exemplary embodirrrant. the widths of the first extemal surfaces 225bb of 

the expanston cone segments 225 increase in the direction of the second extemal 
surfaces 225bc. the widths of the second extemal surfaces are substantially constant, 
and the widths of the third extemal surf^es 225bd decrease in the dlrectton of the first 
ends 22Sa of the expansion cone ^ments for reasons to be described. In an 

35 exemplary embodoment, the first extemal surfaces 225bb of the expansion cone 

segments 225 taper upwardly in the diredton oS the second extemal surfaces 225bc 
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the second external surfaces taper upwardly In the direction of the thfrd external 
surfaces 225bd, and the third external surfaces 225txJ taper downwardly in the 
direction of the first ends 225a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
5 external surfaces 225bb of the expansion cone segnrients 225 are greater than the 
angle of attack of the taper of the second external surfaces 225ba In an exemplary 
embodiment, the first and second external surfaces,.225bb and 225bc of the 
expansron cone segments 225 are arcuate such that when the expanston cone 
segments 225 are di^laoed in the direction of the end stop 220, the first and second 

10 extental surfaces of the expansion cone segments provide a substantially continuous 
outer circumferential suriace for reasons to be described. 

As illustrated in Rg. 1j, in an exemplary embodiment, the external surfaces, 
225bb. 225bc and 225bd, of the second ends 225b of the expanston cone segments 
225 are adapted to mate with one another In order to interlock adjacent expanston 

15 cone segments. 

As illustrated in Figs. 1. 1a-1d, and Ik, a split ring collar 230 that defines a 
passage 230a for receiving the tubular support member 215 is provided that Includes a 
first end that includes pluraUty of T-shaped slots 230b for receiving and mating with 
corresponding T-shaped retaining membere 225aa of the expanston cone segments 

20 225 and a second end that includes an L-shaped retaining member 230a In an 
exemplary embodiment, the split ring collar 230 is a conventtonal split ring collar 
commercially available from HaOiburlon Energy Services modiTied in accordance vwith 
the teachings of the present disctosure. 

As illustrated in Figs. 1, la-Id. and 1m. a drag btock assembly 235 that defines 

25 a passage 235a for receiving the tubular support member 21 5 is provided that includes 
a first end that includes an L-shaped slot 235b fbr receiving and mating with the L- 
shaped retaining member 230c of the split ring collar 230, one or more conventional 
drag block etemenis 235c. and a J-shaped slot 235d including a retaining slot 235da 
fbr receiving the second lug 215f of the tubular support member 215. In an exemplary 

30 embodiment, the tongitudinal axis of the J-shaped slot 235d of the drag btock assembly 
235 Is substantially parallel to the longitudinal axis of the tubular support member 215 
for reasons to be described. 

A first conventtonal packer cup assembly 240 tfiat defines a passage 240a for 
reoeiving the tubtdar support member 215 includes a firet end 240b that mates with the 

35 second flange 21 5e of the tubular support member, a conventtonal sealing cup 240c. 
and a second end 240d. A tubular spacer 245 that defines a passage 245a fbr 
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receiving the tubular support member 21 5 includes a first end 245b that mates with the 
second end 240c of the first packer cup assembly 240 and a second end 245c. A 
second conventional packer cup assembly 250 that defines a p^sage 250a for 
receiving the tubular support member 215 includes a first end 250b that mates with the 
5 second end 245c of the spacer 245, a conventional sealing cup 250c, and a second 
end 250d that mates with the first flange 21 5d of the tubular support member. 

As Illustrated in Figs. 1, 1a-1d, and II. a drag block assembly 255 that defines a 
passage 255a for receiving the tubular support member 215 is provided that includes a 
first end that includes sealing members, 255b and 255c, one or more conventional drag 

10 bk)ck elements 255d, and a J-shaped stot 255e including a retaining slot 255ea for 
receiving the first lug 215b of the tubular support member 215. In an exemplary 
embodiment, the longitudinal axis of the J-shaped stot 255e of the drag block assembly 
255 is substantially parallel to the longitudinal axis of the tubular support member 215 
for reasons to be described. 

15 In an exemplary embodiment during operation of the apparatus 200. as 

illustrated in Figs. 1 and 1a-1m, the apparatus may be positioned in the weilbore 115, 
within the tubular member 120, with the first and second lugs. 215b and 21Sf. 
respectively, positioned within the retaining slots, 255ea and 235da, respectively, of the 
J-slots, 255e and 235da. respectively, of the drag block assembly 255 and 235. 

20 respectively. In this manner, the drag block assembly 235 Is maintained in a 

sut^tantially stationary positton relative to the tubular support member 215 thereby 
preventing the expansion cone segments 225 from being displaced downwardly in the 
longitudinal direction relative to the tubular support member 215 towards the end stop 
220. Furthemnore, in this manner, the drag block assembly 255 Is also maintained in a 

25 substantially stationary positton relative to the tubular support member 215 thereby 
preventing the drag block assembly from sealing off the radial passage 215c. In an 
exemplary embodiment during the placement of the apparatus 200 within the weilbore 
115 and the tubular member 120, the radial passage 215c p^mits fluidic materials 
outskle of the tubular support member 215 to pass into the passage 215a thereby 

30 minimizing overpressure conditions within the aruiulus outskle of the tubular support 
memb&r. 

In an exemplary embodiment the apparatus 200 Is positioned within the 
expandable tubular member 120 such that the expansk>n cone body 21 5g. the end 
stop 220. and the expansion cone segments 225 extend out of the expandable tubular 
35 member, in this manner, the expanston oone segments 225 may be driven up the 
tapered hexagonal portion 215gb of the expanston cone body 215g, thereby Increasing 
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the outside diameters of the expansion cone segments, without innpacting the 
expandatHe tubular memt>er 120. 

The tubular support member 215 may then be rotated relative to the drag block 
assemblies, 235 and 255. thereby displacing the lugs. 21 5f and 215b. with respect to 
5 the J-shaped slots. 235d and 255e, respectively. The tubular support member 21 5 
may then be displaced upwardly relative to the drag block assemblies. 235 and 255, in 
the longitudinal direction thereby displacing the drag block assembfies downwardly 
relative to the tubular support member. During the longitudinal upward displacement of 
the tubular support member 215 relative to the drag block assemblies, 235 and 255, 

10 the drag block assemblies. 235 and 255, aro maintained in a substantially stationary 
posHton vwth respect to the expandable tubular nnember 1 20 by the frictional forces 
exerted by the drag bkx^. 23Sc and 255d, of the drag block assemblies on the 
expandable tubular nr»mber, and during the upward tongltudinal displacement of the 
tubular support member 215 relative to the drag block assemblies, the lugs. 21 5f and 

15 215b. are gukled in a substantially tongitudlnal direction by the J-stots. 235d and 255e, 
respectively, erf the drag btock assembUes. 

The downward tongltudinal displacement of the drag bk)ck assembly 235 
relative to the tubular support member 215 displaces the spilt ring collar 230 
downwardly along wdth the expanston cone segments 225. As a result, the expansion 

20 cone segments 226 are driven up the tapered hexagonal portion 215gb of the 

expansion cone support body 21 5g until the end feces of the expansion cone segments 
impact the stop member 220. As a result, the outside diameter of ttie expansion cone 
segments 225 increases. In an exemplary embodiment, once the expanston cone 
segments 225 impact the stop member 220. the outer surfaces, 225bb and 225bc. of 

25 the expansion cone segments provide a substantially continuous outer surface in the 
circumferential direction having a diameter that is greater than the Inskle diameter of 
the expandable tubular member 120. The dowmward longitudinal displacement of the 
drag bkxdc assembly 255 relative to the tubular support member 21 5 seals off the radial 
passage 215c thereby preventing the pressurized fluidic material 275 from entering the 

30 annulus surroimding the tubular support member 215 through the radial passage. 

In an exemplary embodiment, as illustrated In Figs. 2 and 2a-2f. the expand£d)le 
tubular member 120 may then be radially expanded using the apparatus 200 by 
injecting a flukJic material 275 into the apparatus through the passages 205a, 210a, 
and 215a. The injection of the fluidic material 275 may pressurize the interior 120a of 

35 the expandable tubular member 120. In addltkxi, because the packer cup assemblies. 
240 and 250, seal off an annular region 120aa betew the packer cup assemblies 
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between the expandable tubular niember 120 and the tubular support member 215, the 
injection of the flufdic niaterial 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the 
Interior 120a of the expandable tubular member 120 thereby plastically deforming and 
5 radially expanding the expandable tubular member off of the expansion cone segments 
225. Because the outer surfaces, 225bb and 225bc, of the expansion cone segments 
225 are tapered, the plastic defonnation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthermore, in an exemplary embodiment, the continued injection of the fluidic 

10 material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 215 that Is bounded on the upper end by the packer cup assembly 
240 and on the lower end by the expansion cone segments 225. Furthermore, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially 

15 expands the sunrounding portion of the expandable tubular member 120. In this 
manner, the plastic deformation and radial expansion of the expandable tubular 
member 120 Is enhanced. Furthemme. during operation of the apparatus 200, the 
packer cup assemblies 240 and 250 prevent the pressurized fluidic material 275 from 
passing above and beyond the packer cup assemblies and thereby define the length of 

20 the pressurized annular regfon 120aa. In an exemplary embodiment the 

pressurization of the annular region 120aa decreases the operating pressures required 
for plastic defonmation and radial expanston erf tiie expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
225bb and 225bc erf tiie expansion cone segments 225. 

25 The radial expansion of the expandable tubular member 120 may then continue 

until the upper end 120b of Ihe expandable tubular member is radially expanded and 
plastically deformed along with the overiapping portion of the wellbore casing 110. 
Because the expansion cone segments 225 may be adjustable positioned from an 
outskie diameter less than the inside diameter of the expandable tubular member 120 

30 to an outsMe diameter substantially equal to the Inskle diameter of the pre-existing 
casing 1 10, the resulting wellbore casing, Including tiie casing 110 and the radially 
expanded tubular meml>er 120, created by the operation of ttie apparatus 200 may 
have a single siA>stantially constant inside diameter Ihmby providtng a mono-diameter 
wellbore casing. 

35 If the expanston oone segments 225 become lodged within the tubular member 

120 during the radial expanston process, the tubular support nnember 21 5 may be 
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displaced downwardly in the longitudinal direction and then rotated relative to the drag 
block assemblies, 235 and 255, thereby positioning the lugs, 215b and 215f, within the 
retaining slots, 255ea and 235da, respectively, of the J-slots, 255e and 235d, 
respectively. As a result, the expansion cone segments 225 may be displaced down 
5 the tapered hexagonal portion 215gb of the expansion cone support body 21 5g and 
away from the end stop 220 thereby decreasing the extemal diameter of the expansion 
cone segments. In this manner, the tubular support member 205, the tubular support 
member 210. the tubular support member 215, the end stop 220. the expansion cone 
segments 225. the split ring collar 230. the drag block assembly 235. the pack cup 

1 0 assembly 240, the spacer 245, the packer cup assembly 250, and the drag btock 
assembly 255 may then be removed from the tubular member 120. 

During the radial expansion process, the expansk>n cone segments 225 may be 
raised out of the expanded portton of the tubular memt>er 120 by applying an upward 
axial force to the tubular support member 215. In a preferred embodiment, during the 

1 5 radial expansion process, the expansion cone segments 225 are raised at 

approximately the same rate as the tubular mmiber 1 20 is expanded in order to keep 
the tubular member stationary relative to the new welllx)re section 115. In an 
altemativa preferred embodiment, the expansion cone segments 225 are maintained in 
a stationary position during the radial expansion process thereby allowing the tubular 

20 member 1 20 to be radially expanded and plastically deformed off of the expansion 
cone segments 225 and into the new wellbore sectton 115 under the force of gravity 
and the operating pressure of the interior of the tubular member 120. 

In a preferred emt)odiment. when the upper end portion of the expandable 
tubular member 120 and the lower portbn of the wellbore casing 110 that overtap with 

25 one another are plastically defomied and radially expanded by the expansion cone 
segments 225, the expansion cone segments 225 are displaced out of the wellbore 
100 by both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force appHed to the tubular support member 205. 

In a prefened embodiment, the operating pressure and flow rate of the fluidtc 

30 material 275 Is controliabty ramped down when the expansion cone segments 225 
reach the upper end porttoh of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
defonmation of the expancteble tubular member 120 off of the expansion cone 
segments 225 can be minimized. In a preferred embodiment, the operating pressure is 

35 reduced in a substantially Dnear feshion from 1 00% to about 1 0% during the end of the 
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extnision process b^inning when the expan^n opne segments 225 are within about 
5 feet from completion of the extnjslon process. 

Alternatively, or in combination, the wall thickness of the upper end portion of 
the expandable tubular member 120 is tapered in order to gradually reduce the 
5 required operating pressure for plastlcalty deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided in the tubular 
support member 205 in order to absorb the shock caused by the sudden release of 
10 pressure. The shock absorber may comprise, for example, any conventional 

commercially available shock absorber, bumper sub, or jars adapted for use in wellbore 
operations. 

Alternatively, or In combination, an expansion cone catching structure is 
provicted in the upper erid portion of the expandable tubular member 120 in order to 

15 catch or at least decelerate the expanskm cone segments 225. 

Altemativeiy, or In combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 215 sufficient to plastically defonrn 
and radially expand the tubular member 120 off of the external surfaces, 225bb and 
225bc. of the expansion cone segments 225. 

20 Alternatively, or in comblnatton, in order to facilitate the pressurization of the 

interior 120a of the expandable tubular member by the injection of the flukJic materials 
275, the region within the wellbore sectiori 1 15 below the apparatus 200 may be 
fluidicly sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 

25 205. the tubular support member 210, the tubular support member 215, the end stop 
220, the expansfon cone segments 225. the split ring collar 230, the drag block 
assembly 235, the pack cup assembly 240, the spacer 245, the packer cup assembly 
250, and the drag block assembly 255 are removed from the wellbore 1 00. 

In an alternative embodimenl, as illustrated in Figs. 2h and 2i, the J-stots, 235d 

30 and 255e, include one or more intenmedlate retaining stots, 235db and 255eb, 

respectively, that permit the relative longitudinal displaoement of the tubular support 
member 215 relative to the drag block assemblies, 235 and 255. to be set at one or 
more intemiedlate stop positk>ns. In this manner, the expansion segmmts 225 nfiay be 
posittoned at one or more intenmediate posittons on the tapered hexagonal portton 

35 215gb of the expansion cone support body 215g thereby pemnitling the external 
diameter of the expanston cone segments 225 to be adjusted to one or more 
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intermediate sizes. In this manner, the radial expansion and plastic deformation of the 
expandable tubular member 120 be provided in different operation stages, each having 
a different expansion diameter. Furthermore, rf the expansion cone segments 225 
become lodged within the expandable tubular member 120. then the position of the 
5 expansion cone segments may be adjusted to provide a smaller outside diameter and 
the radial expansion process may be continued by injecting the fluidic material 275 
and/or applying an upward axial force to the tubular support member 215. 

Refenrtng to Figs. 3 and 3a-3j. an alternative embodiment of an apparatus 300 
for forming a wellbore casing in a subterranean fomiation will now be described. The 

10 apparatus 300 Includes a tubular support member 305 defining an internal passage 
305a that is coupled to an end of a tubular coupling 310 defining an internal passage 
310a. The other end of the tubular coupling 31 0 is coupled to an end of a tubular 
support member 315 defining an Intemal passage 315a that includes a first flange 315b 
having oppositely tapered end-vi^ls, 315ba and 315bb, a second flange 315c, a radial 

15 passage 315d, a third fiange 315e. a fourth flange 315f, a fifth flange 31Sg having 
oppositely tapered end-walls, 315ga and 315gb. a fifth flange 315h, and an expansion 
cone support body 3151. The other end of the tubular support member 315 is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As illustrated in Figs. 3d and 3e, the expanston cone support body 3151 includes 

20 a first end 315ia. a tapered hex^onal portion 315ib that includes a plurality of T- 
shaped slots 31 5iba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 3151c. In an exemplary embodiment the angle of 
attacl( of the tapered hexagonal portion 315ib ranges from about 35 to 50 degrees for 
reasons to be described. 

25 As illustrated in Figs. 3, 3a-3c, and 3f-3h, a plurality of expansion cone 

segments 325 are provided that include first ends 325a that include T-shaped retaining 
members 325aa and second ends 325b that include T-shaped retaining members 
325ba that mate with and are received within con^sponding T-shaped slots 315iba on 
the tapered hexagonal portion 315ib of the expansion cone support body 3151, first 

30 external surfaces 325bb, second external surfaces 325bc, and third external surfaces 
3Kbd. Thus, in an exemplary embodiment, a total of sb( expansion cone segments 
325 are provided that are slldably coupled to corresponding sides of the tapered 
hexagonal portion 315ib of the expansion cone support body 315i. 

In an exemplary embodiment, the widths of the first external surfaces 325bb of 

35 the expansion cone segmente 325 increase In the direcUon of the second external 
surfaces 325bc the widths of the second exten^al surfaces are substentiaMy oonstent, 
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and the widths of the third external surfaces 325bd decrease In the direction of the first 
ends 325a of the expanston cone segments for reasons to be described. In an 
exemplary embodiment the first external surfaces 325bb of the expansion cone 
segments 325 taper upwardly in the directlwi of the second external surfaces 325bc, 
5 the second external surfaces taper upwardly in the direction of the third external 
surfaces 325bd, and the third external surfaces 325bd taper downwardly in the 
direction of the first ends 325a of the expareion cone segments for reasons to be 
described. In an exemplary embodiment the angle of attack of the taper of the first 
extennal surfaces 325bb of the expansion cone segments 325 are greater than the 

10 angle of attack of the taper of the second external surfaces 325bc. In an exemplary 
embodiment the first and second external surfaces, 325bb and 325bc, of the 
expansk>n cone segments 325 are arcuate such that when the expanston cone 
segments 325 are displaced in the direction of the end stop 320, the first and second 
extemal surfaces of the expansion cone segments provWe a substantially continuous 

15 outer circumferential surbce for reasons to be described. 

As Illustrated In Rg, 31, h an exemplary embodiment the extemal surfaces. 
325bb, 325bc. and 325bd, of the second ends 325b of the expansion cone segments 
325 are adapted to mate with one another In order to interlock adjacent expanston 
cone segments. 

20 A split ring collar 330 that defines a passage 330a for receiving the tubular 

support member 315 is provided that includes a first end that includes plurality of T- 
shaped slots 330b for receiving and mating with conesponding T-shaped retaining 
members 325aa of the expansion cone segments 325 and a second end that includes 
an L-shaped retaining member 330c. In an exemplary embodiment the split ring collar 

25 330 is a conventional split ring collar commercially available from Halliburton Energy 
Services modified in accordance with the teachings of the present disctosure. 

A collet assembly 335 is provided that includes a support ring 335a that defines 
a passage 335aa for receiving the tubular support memb^ 315 and is coupled to an 
end of a resilient collet 335b having upper and lower sets of oppositely tapered 

30 shoulders, 335ba and 335bb, and. 335bc and 335bd, respectively, that Is positioned 
proximate the fourth flar^ 315g of the tubular support member 315. The other end of 
the collet 335b Is coupled to an end of a tubular sleeve 335c that defines a passage 
335ca. The other end of the tubular sleeve 335c is coupted to an end of a pin 335d. 
The other end of the pin 335d Is coupled to a ring 335e that defines a passage 33Sea 

35 for receiving the fifth flange 315h of the tubular support member 315. An end of a 
tubular coupling sleeve 335f that defines a passage 33Sa for receiving the tubular 
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support member 315 is received within the opening 335ca of the tubular sleeve 335c 
that includes a recess 335fb for receiving the fifth flange 31 5h of the tubular support 
member 31 5 and the ring 335e, and a radial passage 335fc for receiving the pin 335d. 
Another end of the tubular coupling sleeve 335f includes a passage 335fd for receiving 
5 the tubular support member 315 and a slot 335fe for receiving the L-shaped retaining 
member 330c of the split ring collar 330. A ring 335g that defines a passage 335ga for 
receiving the tubular support member 315, a spring 335h, and a ring 335i that defines a 
passage 335ia for receiving the tubular support member 315 are also received within 
the recess 335fb. The ring 335g is positioned proximate one end of the recess 335fb. 
10 the ring 3351 is positioned prodnr^ate the fifth flange 31 5h of the tubular support 
member 315 within the other end of the recess, and the spring 335h is positioned 
between the rings. 

A first oonventionai padcer cup assembly 340 that defines a passage 340a for 
receiving the tubular support member 315 Includes a first end 340b that mates with the 

1 5 fourth flange 315f of the tubular support member, a conventional sealing cup 340c, and 
a second end 340d. A tubular spacer 345 that d^es a passage 345a for receiving 
the tubular support member 315 includes a first end 345b that mates with the second 
end 340d of the first packer cup assembly 340 and a second end 345c. A second 
conventional packer cup assembly 350 that defines a passage 350a for receiving the 

20 tubular support member 31 5 Includes a first end 350b that mates with the second end 
345c of the spacer 345, a conventional sealing cup 350c, and a second end 350d that 
mates with the third flange 315e of the tubular support member. 

A collet assembly 355 is provided that includes a support ring 355a that defines a 
passage 355aa for receiving the tubular support member 315 and Is coupled to an end 

25 of a resilient collet 355b having upper and lower sets of oppositely tapered shoulders, 
355ba and 355bb, and, 355bc and 355bd, respedivaly, that is positioned proximate the 
first flange 315b of the tubular support member 315. The other end of the collet 355b 
is coupled to an end of a tubular sleeve 355c that defines a passage 355ca. The other 
end of the tubular sleeve 355c Is coupled to an end of a pin 355d. The other end of the 

30 pin 355d is coupled to a ring 355e that defines a passage 355ea for receiving the 
second flange 315c of the tubular support menfiber 315. An end of a tubular sleeve 
355f that defines a passage 355fia for receiving the tubular support member 315 Is 
rectived within the opening 355ca of the tubular sleeve 355c that Includes a recess 
355fb for receiving the second flange 315c of the tubular siQ^port member 31 5 and the 

35 ring 355e, and a radial pasfsage 355fc for receiving the pin 355d. Anc^rend of tTm 
tubular sleeve 3551 Includes a passage 355fd for receiving tto tubular support member 
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315, a recess 355fe for receiving an end of the tubular sleeve 355c, and sealing 
meml)ers 355ff. A ring 355g that defines a passage 355ga for receiving the tubular 
support member 315 and a spring 355h are also received within the recess 355fb. An 
end of the ring 355g is positioned proximate the second flange 315c of the tubular 
5 support member 315 within an end of the recess 355fb and the other end of the ring is 
positioned an end of the spring 355h. The other end of the spring 355h is positioned 
proximate the other end of the recess 355fb. 

In an exemplary embodiment, during operation of the apparatus 300. as 
Illustrated in Figs. 3 and 3a-3j, the apparatus may be initially positioned in the wellbore 

10 100, within the casing 1 10, with the collet assemblies 335 and 355 positioned in a 
neutral position in which the radial passage 31 5d of the tubular support member 315 is 
not covered by the tubular sleeve 355f and the expansion cone segments 325 are not 
driven up the tapered hexagonal portion 31 Sib of the expansion cone support body 
3151 of the tubular support nnember.31 5 into contact with the stop member 320. In this 

1 5 manner, fluidic materials within the interior 31 5a of the tubular support member 31 5 
may pass through the radial passage 315d into the annulus between the apparatus 300 
and the casing 1 10 thereby preventing over pressurization of the annulus. 
Furthermore, in this manner, the outside diameter of the expansion cone segments 325 
is less ttian or equal to the outeide diameter of the stop member 320 thereby penmlttlng 

20 the apparatus 300 to be displaced within the casing 110. 

As illustrated in Figs. 4. and 4a-4d, the apparatus 300 may then be positioned 
in the tubular member 120. During the insertion of the apparatus into the tubular 
member 120, the upper end 1 20b of the tubular member may impact the tapered 
shoulders, 335bb and 355bb, of the collets. 335b and 355b, respectively, thereby 

25 driving the collets badcward until the tapered shoulders, 335bd and 355bd. of the 

collets are positioned proximate the tapered shoulders, 315ga and 315ba. respectively, 
of the tubular support member. As a result, the support rings, 335a and 355a, the 
collets, 335b and 355b, the tubular sleeves. 335c and 355c. the pins. 335d and 355d, 
the rings, 335e and 355e. and the rings, 335g and 355g, of the collet assemblies, 335 

30 and 355, respectively, are driven backward, oompr^ing the springs, 335h and 355h, 
thereby applying axial biasing forces to the tubular coupling sleeve 335f and the tubular 
sleeve 355f, respectively. In this manner, an axial biasing force is applied to the split 
ring collar 330 and the expansion cone segments 325 that prevents the expansion 
cone segments from being driven up the tapered hexagonal portion 31 Sib of the 

35 expansion cone support body 315t of the tubular support member 315 into contact with 
the slop member 320. Thus, the outside diameter of the expansion cone segments 
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325 is maintained in a position that is less than the inside diameter of the tubular 
member 120 thereby permitting the apparatus 300 to be displaced within the tubular 
member. Furthenmore, in this manner, an axial biasing force is applied to the tubular 
sleeve 355f thereby preventing the tubular sleeve from covering the radial passage 
5 315d in the tubular support member 315. Thus, fluidic materials within the interior 315a 
of the tubular support nnember 315 may pass through the radial passage 31 5d into the 
annulus between the apparatus 300 and the tubular member 120 thereby preventing 
over pressurization of the annulus. 

The apparatus 300 may then be at least partially positioned in the open hole 

10 section 115a of the wellbore section 115. beyond the lower end 120c of the tubular 
member 1 20. in an exemplary embodiment, that portion of the apparatus 300 that 
includes the stop nr^mber 320, the expansion cone segments 325, the split ring collar 
330, the collet assembly 335. the packer cup assembly 340, the spacer 345, the packer 
cup assembly 350, and the collet jassembly 355 is then positioned in the open hole 

15 section 1 15a of the wellbore section 1 15, beyond the tower end 120 of the tubular 
member for reasons to be described. Because the collets, 335b and 355b, are 
resilient, once the apparatus 300 has been positioned in the open hole section 115a of 
the wellbore section 115. beyond the lower end 120c of the tubular member 120, the 
tapered shouMers, 335ba and 355ba, of the collets may spring outwardly in the radial 

20 direction. 

The apparatus 300 may then be repositioned at least partially back within the 
tubular member 120. During the re-lnsertton of the apparatus into the tubular member 
120. the lower end 120c of the tubular ntember way impact the tapered shoulders. 
335ba and 355ba, of the collets. 335b and 355b, respectively, thereby driving the 

25 collets fonA^ard until the tapered shouklers, 335bc and 355bc. of the collets are 
positioned proxinrate the tapered shoulders, 315gb and 315bb, respectively, of the 
tubular support member 315. As a result, the support rings. 335a and 355a, the 
collets, 335b and 355b, the tubular sleeves, 335c and 355c, the pins, 335d and 355d, 
the rings, 335e and 355e, the tubular coupling sleeve 335f , the tubular sleeve 355f . the 

30 rings, 335g and 355g, and the ring 335i of the collet assemblies. 335 and 355. 
respectively, are driven fbnvard, thereby compressing the springs. 335h and 355h, 
thereby sealing off the radial passage 31 5d and driving the expanston cone segments 
325 up the tapered hexagonal portion 315ib of the expanston cone support body 315i 
of the tubular support nnember 31 5 into contact with the stop memter 320. 

35 As a result, the outside diameter of the expansion cone segments 325 Is now 

greater than the inside diameter of expandable tubular member 120 thereby pemnltting 
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the apparatus 300 to be used to radially expand and plastically defonm the tubular 
niember, and fluidic materials vrithin the interior 315a of the tubular support member 
315 may no longer pass through the radial passage 315d into the annulus between the 
apparatus 300 and the tubular member thereby permitting the interior of the apparatus 
5 to be pressurized. 

The apparatus 300 may then be operated to radtaly expand and plastically 
deform the tubular nrrember 120 by applyrig an upward axial force to the tubular 
support meriiber 315 and/or by injecting a pressurized fluidic material into the tubular 
support member. 

10 In particular, as illustrated in Figs. 5 and 5a-5d. the expandable tubular member 

120 may then be radially expanded using the apparatus 300 by injecting a fluidic 
material 275 into the apparatus through the passages 305a, 310a, 315a, and 320a. 
The ir^ton of the fluidic material 275 may pressure the interior 120a of the 
expandable tubular member 120. In addition, because the padcer cup assemblies, 340 

1 5 and 350. seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 315, the Injection 
of the fluidic material 275 may also pressurize the annular region. 

The continued irijecUon of the fluidic material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically defomning and 

20 radially expanding the expandable tubular member off of the expar^ion cone segments 
325. Because the outer surfaces, 325bb and 325bc, of the expansion cone segments 
325 are tapered, the plastic defonmation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthermore, in an exemplary embodiment the continued injection of the fluidic 

25 material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 315 that is bounded on the upper end by the packer cup assembly 
340 and on the lower end by the expansion cone segments 325. Furthennore, in an 
exemplary embodiment, the pressurization of the annular regton 120aa also radially 

30 expands at least a [XNtton of the surrounding portton of the expandable tubular member 
120. In this manner, the plastic defonnatkMi and radial expanston of the expandable 
tubular member 120 is enhanced. Furthermore, during operation of the apparatus 300, 
the packer cup assemblies 340 and 350 prevent the pressurized fluidic material 275 
from passir^ above and beyond the packer cup usemblies and thereby define the 

35 length of the pressurized annular regton 120aa. In an exemplary embodiment, the 
pressurizatton of the annular region 120aa decreases the operating pressures required 
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for plastic deformation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
325bb and 325bc, of the expansion cone segments 325. 

The radial expansion of the expandable tubular member 120 may then continue 
5 until the upper end 1 20b of the expandable tubular member is radially expanded and 
plastically deformed along with the overlapping portion of the wellbore casing 110. 
Because the expansion cone segments 325 may be adjustable positioned from an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the inside diameter of the pre-existing 
10 casing 1 10, the resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120, created by the operation of the apparatus 300 may 
have a single substantially constant inside diameter thereby providing a mono-diameter 
wellbore casing. 

During the radial expansion process, the expansion cone segments 325 may be 

15 raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 315. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 325 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member statkxnary relative to the new wellbore section 115. 

20 In a preferred embodiment, when the upper end portion of the expandable 

tubular member 120 and the lower portion of the wellbore casing 1 10 that overlap with 
one another are plastically deformed and radially expanded by the expansion cone 
segments 325, the expansion cone segments are displaced out of the wellbore 100 by 
both the operating pressure within the interior of the tubular member 120 and a 

25 upwardly directed axial force applied to the tubular support member 305. 

In a prefen^d emtKxJiment, the operating pressure and flow rate of the fluidfc 
material 275 is controllabty ramped down when the expansion cone segments 325 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expan^on and plastic 

30 deformation of the expandable tubular member 120 off of the expansk>n oone 

segments 325 can be minimized, in a preferred embodiment, the operating (Mressure Is 
rsduoed in a substantially linear fashton from 100% to about 10% during the end of the 
extn^ion process beginning when the expansion oone segments 325 are within about 
5 feet from completion of the extruston process. 

35 Alternatively, or in oonnbination, the wall thickness of the upper end portton of 

the expandable titular member 120 is tapered in order to gradually reduce the 
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required operating pressure for plastically deforming and radially expanding the upper 
end portion of ttie tubular member. In this nnanner, shock toading of the apparatus Is at 
least reduced. 

Alternatively, or in combination, a shock absort>er is provkied in the tubular 
5 support member 305 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventronal 
commercially available shock absort>er. bumper sub, or jars adapted for use in wellbore 
operatk>ns. 

Alternatively, or in combination, an expansion cone catching structure is 

1 0 provided in the upper end portion of the expandable tubular member 1 20 in order to 
catch or at least decelerate the expanston cone segments 325. 

Altematlvely, or in comblnatton, during the radial expanston process, an upward 
axial force is applied to the tubular support member 315 sufficient to plastically defonm 
and radially expand the tubular member 1 20 off of the external surfeoes, 225bb and 

1 5 225bc, of tt^ expansion cone segments 325. 

Attematively, or In combination, in order to facilitate the pressurizatton of the 
interior 120a of the expandable tubular member by the injecSon of the fluklic materials 
275, the region within the wellbore section 115 below the apparatus 300 may be 
flukJidy sealed off in a convention manner using, for example, a padcer. 

20 Onoe the radial expansion process is completed, the tubular support member 

305, the tubular support member 310, the tubular support member 31 5, the end stop 
320, the expansion cone segments 325, the split ring collar 330, the collet assembly 
335, the packer cup assembly 340, the spacer 345, the packer cup assembly 350, and 
the collet assembly 355 are renrioved from the wellbores KX) and 115. 

25 Refem'ng to Figs. 6 and 6a-6k. an alternative embodiment of an apparatus 400 

for fmning a wellbore casing in a subterranean fonnatk>n will now be described. The 
apparatus 400 includes a tubular support member 405 defining an internal passage 
405a that is coupled to an end of a tubular coupling 410 defining an internal passage 
410a. The other end of the tubular coupling 41 0 is coupled to an end of a tubular 

30 support member 415 dining an internal passage 415a that includes a first flange 
415b, a first radial passage 415c, a second radial passage 415d. a second flange 
415e. a stepped flange 415f, a third flange 415g, a fourth flange 415h, a fifth flar^e 
415i, and an expansion cone body 415J. The other end of the tubular support member 
415 is coupled to a tubular end stop 420 that defines a passage 420a. 

35 As illustrated in Figs. 6e and 6f, the expansk)n cone support body 41^ includes 

a first end 415iia, a tapered hexagonal portiori 415jb that includes a plurality of T- 
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shaped stots 415jba provided on each of the external faceted surfaces of the tapered 
hexagonal portion^ and a second end 41Sja In an exemplary ennbodiment, the angle of 
attack of the tapered hexagonal portion 415jb ranges from at}out 35 to 50 degrees for 
reasons to t>e described. 

5 As illustrated in Ftgs. 6, 6a-6d. and 6g-6i, a plurality of expansion cone 

segments 425 are provided that include first ends 425a that include T-shaped retaining 
members 425aa and second ends 425b ttiat include T-shaped retaining members 
425ba that mate with and are received within conresponding T-shaped slots 415jba on 
the tapered hexagonal portion 415jb of the expansion cone support body 41 5j, first 

10 external surfaces 425bb, second external surfaces 425bc, and third external surfaces 
425bd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
425 are provided that are slidably coupled to conresponding sides of the tapered 
hexagonal portion 41 5jb of the expansion cone support body 415j. 

In an exemplary embodiment, the widths of the first external surfeces 425bb of 

1 5 the expansion, cone segments 425 increase In the direction of the second external 
surfaces 425bc, the widths of the second external surfaces are substantially constant, 
and the widths of the third external surfoces 425bd decrease in the direction of the first 
ends 425a of the expansion cone segments for reasons to be described. In an 
exemplary en^odiment. the first external surfaces 425bb of the expansion cone 

20 segments 425 taper upwardly in the direction of the second external surfaces 425bc, 
the second external surfaces taper upwardly in the direction of the third external 
surfaces 42Sbd, and the third external surfaces 425bd taper downwardly in the 
direction of the first ends 425a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 

25 extemal sur^ces 425bb of the expansion cone segments 425 are greater than the 
angle of attack of the taper of the second extemal surfaces 425bc. In an exemplary 
embodiment, the first and second extemal surfaces, 425bb and 425bc, of the 
expansion cone segments 425 are arcuate such that when the expansion cone 
segments 425 are displaced in the direction of the end stop 420. the first and second 

30 extemal surfaces of the expansion cone segments provide a substantially continuous 
outer circumfmntlal surface for reasons to be described. 

As illustrated in Fig. 6J. in an exemplary embodiment, the extemal surfeces, 
429:>b. 425bc and 425bd, of the second ends 425b of the expansion cone segments 
425 are adapted to mate with one another in order to interiock adjacent expansion 

35 cone segments. 
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A split ring collar 430 that defines a passage 430a for receiving the tubular 
support member 41 5 is provided that includes a first end that includes plurality of T-- 
shaped slots 430b for receiving and mating with corresponding T-shaped retaming 
members 425aa of the expansion cone segments 425 arxl a second end that includes 
5 an L-shaped retaining member 430c. In an exemplary embodiment, the split ring collar 
430 is a conventional split ring coltar commerciaily available from Halliburton Energy 
Services modified in accordance with the teachings of the present disclosure. 

A dog assembly 435 is provided that includes a tubular sleeve 435a that defines 
a passage 435aa for receiving the tubular support member 415 that includes a first end 

10 that includes a slot 435ab for receiving and mating with the L-shaped retaining member 
430c of the split ring collar 430, a radial passage 435ac, and a recess 435ad for 
receiving the fifth flange 415a of the tubular support member 415. A second end of the 
tubular sleeve 435a includes a flange 435ae that mates with the fourth flange 415h of 
the tubitfar support member 41 5. A retaining ring 435b that defines a passage 435ba 

15 for receiving the fifth flange 415i is received within the recess 435ad of the tubular 
sleeve 435a and is coupled to an end of a load transfer pin 435a The opposite end of 
the load transfer pin 435c is received withiri the radial passage 435ac of the tubular 
sleeve 435a and Is coupled to an end of a tubular sleeve 435d that includes a recess 
43Sda at a first end for receiving the tubular sleeve 435a, and a radial opening 435dc 

20 for receiving a conventional resilient dog 435e. A spring 435f and a ring 435g that 
defines a passage 435ga for rec^ng the tubular support memt)er 41 5 are received 
within the recess 435ad of the tubular sleeve 435a between a first end of the recess 
and the fifth flange 4151 of the tubular support member. 

A first conventional packer cup assembly 440 that defines a passage 440a for 

25 receiving the tubular support member 415 includes a first end 440b that mates with the 
fourth flange 41 5g of the tubular support member, a conventional sealing cup 440c. 
and a second end 440d. A tubular spacer 445 that defines a passage 445a for 
receiving the tubular support member 415 includes a first end 445b that mates with the 
second end 440d of the first packer cup assembly 440 and a second end 445c. A 

30 second conventional packer cup assembly 450 that defines a passage 450a for 

receiving the tubular support nnember 415 includes a ffrst end 4S0b that mates with the 
second end 44Sc of the spacer 445, a conventional sealing cup 450c, and a second 
end 450d that mates with the stepped flange 415f of the tubular support member. 
A dog assembly 455 is provided that includes a tubular sleeve 45Sa that defines 

35 a passage 455aa for receiving the tubular support member 41 5. A first end of the 
tubular sleeve 455a Includes a radial opening 455ab for receiving a conventional 
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resilient dog 455b. A second end of the tubular sleeve 455a Includes a recess 455ac 
and is coupled to an end of a load transfer pin 455c. The opposite end of the load 
transfer pin 455c is coupled to a retaining ring 455d that defines a passage 455da for 
receiving the tubular support member 415. A tubular sleeve 455e is received within the 

5 recess 455ac the tubular sleeve 455a that defines a passage 455ea for receiving the 
tubular sun>ort member 41 5 and includes a first end that Indudes a radial passage 
455eb for receiving the load transfer pin 455c and a recess 455ec for receiving a spring 
455f. A ring 455g that defines a passage 455ga for receiving the tubular support 
member 415 is further received within the recess 455ec of the tubular sleeve 455e 

1 0 between the spring 455f and the second flange 41 5e of the tubular support member 
415. A second end of the tubular sleeve 455e includes a radial passage 455ed, 
sealing members, 455ef and 455eg, and a recess 455eh that mates with the first flange 
41 5b of the tubular support ntiember 41 5. 

In an exemplary embodiment, during operation of the apparatus 400, as 

15 iQustrated in Figs. 6 and 6a-6k, the apparatus may be initlaily positioned In the wellbore 
100, within the casing 110, with the dog assemblies 435 and 455 positioned in a 
neutral position in which the radial passage 415d of the tubular support rromber 415 is 
fluidicly coupled to the radial passage 455ed of the dog ass^ly 455 and the 
expansion cone segments 425 are not driven up the tapered hexagonal portion 415jb 

20 of the expansion cone support body 41 5j of the tubular support member 41 5 into 
contact with the stop member 320. In this manner, fluidic materials within the interior 
415a of the tubular support member 415 may pass through the radial passages, 415d 
and 455ed, into the annulus between the apparatus 400 and the casing 110 thereby 
preventing over pressurtzation of the annulus. Furthermore, in this manner, the outside 

25 diameter of the expansion cone segments 425 is less than or equal to the outside 

diameter of the stop member 420 thereby permitting the apparatus 400 to be displaced 
within the casing 110. 

As illustrated in Rgs. 7, and 7a-7c, the apparatus 400 may then be positioned in 
the tubular member 120. During the insertion of the apparatus into the tubular member 

30 120, the upper end 1 20b of the tubular memt>er may impact the ends of the resSient 
dogs, 435e and 455b, of the dog assemblies, 435 and 455. respectively, thereby 
driving the resilient dogs, 435e and 455b. backwards off of and adjacent to one side of 
the flanges, 415h and 415f, respectively. As a result of the backward axial 
displacement of the resilient dog 435e, the tubular sleeve 435d, the pin 435c. the 

35 retaining ring 435b, and the ring 435g of the dog assembly 435 are driven backward 
thereby compressing the spring 435f and applying an axial biasing force to the tubular 
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sleeve 435a that prevents the expansion cone segments 425 from being displaced 
toward the end stop 420. As a result of the backward axial displacement of the resilient 
dog 455b, the tubular sleeve 455a, the pin 455c, the retaining ring 455d, and the ring 
455g of the dog assembly 455 are driven backward thereby compressing the spring 
5 455f and applying an axial biasing force to the tubular sleeve 455e that prevents the 
radial passages, 415d and 455ed from being fluididy decoupled. 

The apparatus 400 may then be at least partially positioned in the open hole 
section 1 15a of the wellbore section 115, beyond the tower end 120c of the tubular 
member 120. In an exemplary embodiment, that portion of the apparatus 400 that 

10 includes the stop member 420, the expanston cone segments 425, the split ring collar 
430, the dog assembly 435, the packer cup assembly 440, the spacer 445, the packer 
cup assemt>ly 450, and the dog assembly 455 is then positioned in the open hole 
section 1 15a of the wellbore section 115, beyond the lower end 120 of the tubular 
member for reasons to be described. Because the dogs, 435e and 4SSb, of the dog 

1 5 assemblies, 435 and 455, respectively, are resilient, once the apparatus 400 has been 
posittoned in the open hole section 115a of the wellbore section 115, beyond the lovver 
end 120c of the tubular member 120, the resHient dogs, 435e and 45Sb, of the dog 
assemblies may spring outwardly in the radial direction. 

The apparatus 400 may then be repositioned at least partially back within the 

20 tubular member 1 20. During the re-insertion of the apparatus into the tubular member 
120, the tower end 120c of the tubular member may impact the ends of the resilient 
dogs, 435e and 455b, of the dog assemblies, 435 and 455. respectively, thereby 
driving the resilient dogs forward until the resilient dogs are positioned beyond and 
adjacent to the other side of the flanges, 41 5h and 41 5f, of the tubular support member 

25 415. 

As a result, of the fonA/ard axial displacement of the resilient dog 435e, the 
tubular sleeve 435a, the retaining ring 435b, the pin 435c the tubular sleeve 435d, the 
spring 435f, and the ring 435g of the dog assembly 435 are displaced in the fona^rd 
axial directkm thereby also displacing the split ring collar 430 and the expanston cone 

30 segments 425 in the fonrard axial direction. As a result, the expansion cme segments 
425 are driven up the tapered hexagonal portion 415jb of the expanston cone support 
body 415} of the tubular support member 415 Into contact with the stop member 320. 

As a result of the fbnward axial displaoennent of the resilient dog 455b, the 
tubular sleeve 455a, the pin 455c, the retaining ring 455d, the tubular sleeve 455e, the 

35 spring 455f, and the ring 455g of the dog assembly 455 are driven fonrard in the axial 
diredton thereby fluididy decoupling the r^ial passages, 415d and 455ed. and fluididy 
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coupling the radial passages 41 5c and 41 5d. As a result fluidic materials within the 
tubular support member 415 may not pass into the annulus between the tubular 
support member and the tubular member 120. 

As a result of the forward axial displacement of the resilient dog 435e, the 

5 outside diameter of the expansion cone segments 425 is now greater than the inside 
diameter of expandable tubular member 120 thereby pemnitting the apparatus 400 to 
be used to radially expand and plastically deform the tubular memt)er, and fluidic 
materials v^thin the interior 415a of the tubular support member 415 may no longer 
pass through the radial passages, 41 5d and 455ed, Into the annulus between the 

10 apparatus 400 and the tubular member thereby permitting the interior of the apparatus 
to be pressurized. 

The apparatus 400 may then be operated to radially expand and plastically 
defonm the tubular menrdt)er 120 by applying an upward axial force to the tubular 
si4)port member 415 and/or by injecting a pressurized fluidic material into the tubular 

15 support member. 

In particular, as illustrated in Figs. 8 and 8a-8d. the expancteble tubular mentber 
120 nnay then be radially e)9>anded using the apparatus 400 by injecting a fluidic 
material 275 into the apparatie through the passages 405d, 310a, 415a. and 420a. 
The injection of the fluidic material 275 may pressurize the interior 120a of the 

20 expandable tubular member 120. In addition, because the packer cup assemblies, 440 
and 450, seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 415, tlie injection 
of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the 

25 interior 1 20a of the expandable tubular member 120 thereby plastically deforming and 
radially expanding the expandable tubular member off of the expansiort cone segments 
425. Because the outer surfaces, 425bb and 425bc, of the expansion cone segments 
425 are tapered, the plastic deformation and radial expansion of the expandable 
tubular member 1 20 proximate the expanston cone segments is facilitated. 

30 Furthermore, in an exemplary emt>odiment, the continued irijecKon of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 1 20 and the exterior surface of the tubular 
support mOTiber 415 that is bounded on the upper end by the packer cup assembly 
440 and on the tower end by the expansion cone segments 425. Furthemrkore, in an 

35 exemplary embodiment, the pressurizattori of the annular region 1 20aa also radially 
expands at least a portion of the surroundir^ portton erf the expandable tubular member 
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120. In this manner, the plastic deformation and radial expansion of the expandable 
tubular memt)er 120 is enhanced. Furthermore, during operation of the apparatus 300, 
the packer cup assemblies 440 and 450 prevent the pressurized fiuidic material 275 
from passing above and beyond the packer cup assembFies and thereby define the 
5 length of the pressurized annular region 1 20aa. In an exemplary emtKxJiment, the 
pressurization of the annular region 120aa decreases the operating pressures required 
for plastic deformation and radial expansion of the expandable tubular memt>er 120 by 
as much as 50% and also reduces the angle of attack of the tapered extemal surfaces, 
425bb and 425bc of the expansion cone segments 425. 

1 0 The radial expanston of the expandable tubular member 1 20 may then continue 

until the upper end 120b of the expandable tubular member is radially expanded and 
plastically deformed atong with the overlapping portion of the wellbore casing 110. 
Because the expansion cone segments 425 may be adjustably positiomd from an 
outsMe diameter less than the Inside diameter of the expandable tubular member 120 

15 to an outskle diameter substantially equal to the inside diameter of the pre-exteting 
casing 1 10, the resulting wellbore casing, including the casing 110 and the radially 
expanded tubular member 120, created by the operation of the apparatus 400 may 
have a single substantially constant inside diameter thereby providing a mono-diameter 
wellbore casing. 

20 During the radial expansion process, the expansion cone segments 425 may be 

raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 415. In a prefened embodiment, during the 
radial expansion process, the expansion cone segments 425 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 

25 the tubular member statk)nary relative to the new welltx)re sectton 115. 

in a prefened embodiment, when the upper end portion of the expandable 
tubular member 120 and he lower portion of the wellbore casing 1 1 0 that overlap with 
one another are plastically deformed and radially expanded by the expansion cone 
segments 425, the expansion cone segments are displaced out of the wellbore 100 by 

30 both the operating pressure within the Interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a prefenred embodiment, the operating pressure and flow rate of the fiuidic 
material 275 is controllably ramped down when the expansion cone segments 425 
reach the upper end portton of the expandable tubular member 1 20. In this manner, 

35 the sudden release of pressure caused by the oorT^lete radial expanston and plastic 
defomnation of the expandable tubular member 120 off of the expansk>n cone 
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segments 425 can be minimized. In a preferred embodiment, the operating pressure Is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 
extrusion process beginning when the expansion cone segments 425 are within about 
5 feet from completion of the extrusion process. 
5 Alternatively, or in combination, the wall thickness of the upper end portion of 

the expandable tubular member 120 is tapered in order to gradually reduce the 
required opa^ting pressure for plastically deforming and radially e)q)anding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

1 0 Alternatively, or In combination, a shock absorber is provided in the tubular 

support member 405 In order to absorb the shock caused by the sudden release of 
pressure. The shock absorber nnay comprise, for example, any conventional 
commercially available shock absort>er. bumper sub, or jars adapted for use in wellbore 
operations. 

15 Alternatively, or in combination, an expansion cone catchir^ structure is 

provided in the upper end portion of the e)qpandable tubular member 120 in order to 
catch or at least decelerate the expansion ccme segmmts 425. 

Alternative^, or In combination, during the radial expar^ion process, an upward 
axial force is appBed to ttie tubular support member 415 sulfident to plastically deform 

20 and radially expand ttie tutHJiar member 1 20 off of the extemal surfaces, 225bb and 
225bc, of ttie expansion cone segments 425. 

Altematively, or in combination, in order to facilitate ttie pressurization of ttie 
interior 120a of ttie expandable tubular member by ttie injection of the fluidic materials 
275. ttie region wittiin ttie wellbore section 115 below ttie apparatus 400 may be 

25 fluidicty sealed off in a convention manner using, for example, a packer. 

Once ttie radial expansion process is completed, the tubular support member 
405, ttie tubular support member 410, ttie tubular support member 415, tiie end stop 
420, ttie expansion cone segments 425, ttie split ring collar 430, ttie dog assen4>ly 435. 
ttie packer cup assembly 440, tiie spacer 445, the packer cup assembly 450, and ttie 

30 dog assembly 455 ere renrioved from Uiewelibores 100 and 115. 

Refenrir^ now to Rgs. 9, 9a, 10 and 10a, an embodiment of an adjustable 
expanston cone assembly 500 will be described. The assembly 500 includes a tubular 
support member 505 ttiat defines a passage S05a and includes a flange 505b. an 
expansion cone support flange assembly 5(»c, arKl an end stop 505d. The expansion 

35 cone support flange assembly 505c includes a tubular body 505ca and a plurality of 
equally spaced apart expansion cone segment support members 505cb ttiat extend 
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outwardly from the tubular t>ody in the radial direction that each include Identical leases 
SOScba and extensions 505cbb. The suppwt members 505cb further include first 
sections 505cbc having arcuate conical outer surfaces and second sections 505cbd 
having arcuate cylindrical outer surfaces for reasons to be described. 

An expansion cone segment assembly 510 is provided that Indudes a tubular 
support 510a defining a passage 510aa for receiving the tubular support member 505 
and a slot 510ab. A plurality of spaced apart and substantially identical resiDent 
expansion cone segment coilets 510b extend from the tubular support 510a in the axial 
direction that include expansion cone segments 510ba extending therefrom in the aodal 
direction. Each of the expansion cone segments SlOba further include arcuate conical 
expansion surfaces SlObaa for radially expanding an expandable tubular member. 

A split ring collar 51 5 is provided that defines a passage 51 5a for receiving the 
tubular support member 505 that Includes an L-«haped retaining member 515b at one 
end for mating with the slot 510ab of the tubular support S10a of the expansion cone 
s^ment assembly 510. Another erKl of the split ring collar 515 includes an L-shaped 
retaining member 515c. A tubular sleeve 520 is provided that defines a passage 520a 
for receiving the tubular suq^port member 505 that includes a slot 520b for receiving the 
L-shaped retaining member 515c of the spSt ring collar 515. 

During operation of the assembly 500, as illustrated in Figs. 9 and 9a. in an 
unexpanded position, the expansion cone segments 510ba of the expansion cone 
segment assembly 510 are positioned adjacent to the base of the conical section 
505cbc of the expansion cone segment support members 505cb with the outside 
diameter of the expansion cone segments less than or equal to the maximum outside 
diameter of the assembly. As illustrated in Figs. 10 and 10a, the assembly 500 may 
then be expanded by displacing the tubular sleeve 520, the split ring collar 515. and the 
expansion cone segment assembly 510 in the axial direction towards the expansion 
cone segment support niemt>ers 505cb. As a result, the expansion cone segments 
510ba are driven up the conical section 505cbc of the expansion cone segment 
support members 505cb and then onto the cylindrical section SOScbd of the expansion 
cone segment support members until the expansion cone segments impact the end 
stopSOSd. In this manner, the outside dianieter of the expansion segrnents510ba is 
greater than the iraximum diameter of the remaining components of the assembly 500. 
Furthennore, the conical outer sur^Kies 510baa of the expansion cone segments 
510ba may now be used to radtdly expand a tubular member. Note that the 
extensions 505cbb of the expansion cone segment support members 505cb provide 
support in the circumferential direction to the adjacent expansion cone segments 
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SlOba. In an exemplary embodiment, the outer conical surfaces SlObaa of the 
expansion done segments 510ba in the expanded position of ttie assembly 500 provide 
a sul)Stantially continuous outer conical surfaces in the circumferential direction. 
The assembly 500 may then be returned to the unexpended posmn by 
5 displacing the hjbular sleeve 520, the split ring collar 515. and the e)q)ansion cone 
segment assembly 510 in the axial direction away from the expanston cone segment 
support members 505cb. As a result, the expansion cone segments 510ba are 
displaced crff of the cylindrical sectton 505cbd and the conical section 505cbc of the 
expansion cone segment support members 505cb. Because the collets 510b of the 
1 0 expansion cone segment assembly 510 are resilient, the expansion segments 51 Oba 
are thereby retumed to a position in which the outside diameter of the expansion cone 
segments is less than or equal to the maximum diameter of the remaining components 
of the assembly 500. 

In several alternative embodiments, the assembly 500 is incorporated into the 
1 5 assembGes 200, 300 and/or 400. 

Referring now to Figs. 1 1 . 1 la, 12 and 12a. an embodiment cS an adjustable 
expansion cone assembly 600 will be described. The assembly 600 includes a tubular 
support member 605 that defines a passage 605a and includes an expanston cone 
support flange assembly 605b. and an end stop 605c. The expansion cone support 
20 flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced 
apart expansion cone segment substantially identical support members 605bb that 
extend outwardly from the tubular body in the radial direction. The support members 
605bb further include first sections 605bba having arcuate cylindrical outer surfaces, 
second sections 605bbb having arcuate conical outer surfaces, and third sections 
25 605bbc having arcuate cylindrical outer surfaces for reasons to be described. 

An expansion cme segment assembly 610 is provided that includes a tubular 
support 610a defining a passage 610^ for receiving the tubular support member 605 
arKl a stot 610ab. A plurality of spaced apart and substantially identical mllient 
expansion cone segment collets 610b extend from the tubidar supped 610a in the axial 
30 direction that include expansion cone segments 610ba extending therefrom in the axial 
direction. Each of the expansion cone segments 610ba further include arcuate conical 
expansion surfaces 610baa for radially expanding an expand8A)le tiA)ular merTri>er. 

A spDt ring collar 61 5 is provided that defines a passage 615a for receiving the 
tubular support meml)er 605 that includes an L-shaped retaining member 615b at one 
35 end for mating with the slot 610ab of the tubula^ support 610a of the expansion cone 
segment assembly 61 0. Another end of the split ring collar 615 includes an L*shaped 
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retaining member 615a A tubular sleeve 620 is provided that defines a passage 620a 
for receiving the tubular support member 605 that includes a slot 620b for receiving the 
L-shaped retaining member 615c of the split ring collar 615. 

During operation of the assembly 600, a© illustrated in Rgs. 1 1 and 1 1a Jn an 

5 unexpanded position, the expansion cone segments 610ba of the expansion cone 
segment assembly 610 are positioned on the cylindrical section 605bba, adjacent to 
the base of the conical section 605bbb, of the expansion cone segment support 
members 605bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated in Figs. 12 

10 and 12a, the assembly 600 may then be expanded by displacing the tubular sleeve 
620, the split ring collar 615, and the expansion cone segment assembly 610 In the 
axial direction towards the expansion cone . segment support members 605bb. As a 
result, the expansion cone segments 610ba are driven up the conical section 605bbb 
df the expansion cone segment support memt>ers 605bb and then onto the cylindrical 

15 sectton 605bbc of the expansion cone segment support members until the expansion 
cone segments Impact the end stop 605c. In this manner, the outside dianneter of the 
expansion segments 610ba is greater than the maximum diameter of the remaining 
components of the assembly QOO. Furthermore, the conical outer sur^ces SlObaa of 
the expansion cone segments 610ba may now be used to radially expand a tubular 

20 member. In an exemplary embodiment, the outer conical surfaces 610baa of the 

expansion cone segments 610ba In the expanded position of the assembly 600 provide 
a substantially continuous outer conical surfaces in the circumferential direction. 

The assembly 600 may then be returned to the unexpanded portion by 
displacing the tubular sleeve 620, the split ring cdDar 615, and the expansion cone 

25 segment assembly 610 in the axial direction av^y from the expansion cone segment 
support members 605bb. As a result, the expansion cone segments 610ba are 
displaced off of the cylindrical section 605bbc and the conical section 605bbb and back 
onto the cyfindrical section 605bba of the expansbn cone segment support members 
605bb. Because the collets 610b of the expansion cone segment assembly 610 are 

30 resilient, the expansion segments 61pba are thereby returned to a position in wMdi the 
outside diameter of the expsmlon cone segments is less than or equal to the maximum 
diameter of the remaining oomponmts of the assembly 600. 

In several alternative embodimmts, the assembly 600 is Incorporated Into the 
assemblies 200, 300 and/or 400. 

35 Refening now to Figs. 13, 13a, 13b, 13c, 14 and 14a, an embodiment of an 

adjustatrie expansion cone assembly 700 will be described. The assembly 700 
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includes a tubular support member 705 that defines a passage 705a and includes an 
expansion cone support flange assembly 705b, and an end stop 705c, The expansk>n 
cone support flange assernbly 705b indudes a tubular body 705ba and a plurality of 
equally spaced apart expansion cone segment substeintially identical support members 

5 705bb that extend outwardly from the tubular body in the radial direction. The support 
members 705bb further Indude first sections 705bba having arcuate cylindrical outer 
surfaces, second sections 705bbb having arcuate conical outer surfaces, and third 
se^ns 705bbc having arcuate cyllndrtcal outer surfaces for reasons to be described. 
An expansion cone segment assembly 710 is provided that includes a first 

10 tubular support 710a defining a passage 710aa for receiving the tubular support 

member 705 that includes a slot 710ab and a second tubular support 710b defining a 
passage 710ba for receiving the tubular support member 7P5 that includes a plurality of 
spaced apart ahd substantially identical axial slots 71(M>b. A plurality of spaced apart 
and substantially identicai resilient expansion cone segment collets 710ac extend from 

15 the first tubular support 710a in the axial direction and are received within 

corresponding ones of the axiial slots 71 Obb in the second tubular support 71 6b that 
include substantially Identical expansion oone segments 710aca extending therefrom In 
the axial direction. A plurality of spaced apart and substantially identical resilient 
expansion cone segment collets 710bc extend from the second tubular support 710b in 

20 the axial direction that are interleaved and overlap with the expansion cone segment 
collets 710ac and that include substantially identical expansfon cone segments 710bca 
extending therefrom in the axial direction. Each of the expansion cone segments, 
710aca and 710bcd. further include arcuate conical expansion surfaces. 710acaa and 
710bcaa, respectively, for radially expanding an expandable tubular member. A 

25 plurality of pins 71 5a-715d couple the expansion cone segment collets 710ac to the 
second tubular support 710b. 

A split ring collar 720 is provided that defines a passage 720a for receiving the 
tubular support member 705 that irKdudes an L-shaped r^ning member 720b at one 
end for mating with the slot 710ab of the first tubular support 710a of the expansion 

30 cone segment assembly 710. Another end of the split ring collar 720 indudes an L- 
shaped retaining merhber 720a A tubular sleeve 725 is provided that defines a 
passage 725a for receiving the tubular support member 705 that indudes a slot 725b 
for receiving the L-shaped retaining meniber 720c of the split ring collar 720. 

During operation of ttie assembly 700. as aiustrated In Figs. 1 3, 13a, 13b, and 

35 13c, in an unexpended position, the expansion cone segments 710aca of the 
expansion oone segment assennbly 710 overtap with and are positioned over the 
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expansion cone segments 710bca of the expansion cone segment assembly, adjacent 
to the base of the conical section 705bbb. of the expansion cone segment support 
members 705bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As Illustrated in Figs. 14 

5 and 14a, the assembly 700 may then be expanded by displacing the Ujbular sleeve 
725, the split ring collar 720. and the expansion cone segment assembly 710 in the 
axial direction towarcte the expansion cone segment support members 705bb. As a 
result, the expansion cone segments. 710aca and 710bca, are driven up the conical 
section 705bbb of the expansion cone segment support members 705bb and then onto 

1 0 the cylindrical section 705bbc of the expansion cone sequent support members until 
the expansion cone segments Impact the end stop 705c. In this manner, the outside 
dianneter of the expansion segments. 710aca and 710bca, Is greater than the 
maximum diameter of the remaining con^nents of the assembly 700. Furthennore, 
the conical outer surfaces, 710acaa and 710bcaa, the expansion cone segments, 

1 5 71 Oaca and 71 Obca, respectively, may now be used to radiaHy expand a tubular 
member. In an exemplary embodiment, the outer conical surfeces, 710acaa and 
710bcaa, of the expansion cone segments, 710aca and 71 Obca, respectively, In the 
expanded position of the assembly 700 provide a substantially continuous outer conical 
surfaces in the circumferential direction. 

20 The assembly 700 may then be returned to the unexpanded position by 

displacing the tubular sleeve 720. the split ring collar 715, and the expansion cone 
segment assembly 710 in the axial direction away from the expansion cone segment 
support members 705bb. As a result, the expansion cone segments, 71 Oaca and 
71 Obca, are displaced off of the cylindrical section 705bbc and the conical section 

25 705bbb and back onto the cylindrical section 705bba of the expansion cone segment 
support members 705bb. Because the collets. 710ac and 710bc. of the expanston 
cone segment assemUy 710 are resilient, the expansion segments, 71 Oaca and 
710bca, are thereby retimed to a position in which the outside diameter of the 
expansion cone segments is less than or equal to the maximum diameter of the 

30 remaining components of the assembly 700. 

In several alternative embodinwnts. the e»senid>ly 700 is incorporated into the 
assemblies 200, 300 and/or 400. 

Referring to Figs. 15 and 1 5a-1 5j, an altemative embodirront of an apparatus 
800 for forming a wellbore casing In a subterranean fonrnation will now be described. 

35 The apparatus 800 includes a tubular support member 805 defining an intemal 

passage 805a that is coupled to an end of a tubular coupling 810 defining an intemal 
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passage 810a. The other end of the tubular coupling 810 is coupled to an end of a 
tubular support niemt>er 815 defining an internal passage 815a having a throat 
passage 81 5aa that includes a first radial passage 81 5b. a first flange 81 5c ha\nng a 
second radial passage 81 5d, a second flange 81 5e having opposite shoulders. 81 Sea 

5 and 815eb, a third flange 81 5f, and an expansion cone support body 81 5g. The other 
end of the tubular support member 815 is coupled to a tubular er^l stop 820 that 
defines a passage 820a. 

As illustrated in Figs. 1 5d and 1 5e. the expansion cone support body 81 5g 
includes a first end 815ga, a tapered hexagonal portico 815gb that includes a plurality 

10 of T-shaped slots 81 Sgba provided on each of the external faceted surfaces of the 
tapered hexagonal portion, and a second end 815gc. In an exemplary embodiment, 
the angle of attack dl the tapered hexagonal portion 815gb ranges from about 35 to 50 
degrees for reasons to be described. 

As illustrated in Figs. 15. 15a-15c» and 15f-15], a plurality of expansion cone 

1 5 segments 825 are provided that include first ends 825a that include TrShaped retaining 
members 825aa and second mds 825b that include T-steped retaining members 
825ba that mate with and are received within corresponding T-shaped slots 81 Sgba on 
the tapered hexagonal portion 815gb of the expansion cone support body 815g. first 
external surfaces 825bb. second external surfaces 825bc, and third extemal surfaces 

20 825bd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
825 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 815gb of the expansion cone support body 81 5g. 

In an exemplary embodiment the widths of the first extemal surfaces 825bb of 
the expansion cone segments 825 increase in the direction of the second extemal 

25 surfaces 825bc, the widths of the second external surfaces are substantially constant 
and the widths of the ttiird extemal surfoces 825bd decrease in the direction (rf the first 
ends 825a of the expansion oone segments for reasons to be described. In an 
exemplary embodiment, the first extemal surfiaoes 825U> of the expan^on cone 
segments 825 taper upwardly in the direction of the second extemal surfaces 825bc. 

30 the second extemal surfaces taper upwardly in the direction of the third extemal 
surfaces 825bd. and the third extemal surfaces 825bd taper downwardly In the 
direction of the first ends 825a of the expansion oone segments for reasons to be 
described. In an exemplary embodin^t the angte of attack of the taper of the first 
extemal surfaces 825bb of the expansion cone segments 825 are greater than the 

35 angle of attack of the taper of the second extemal surfaces 825bc. In an exemplary 
embodiment the first and second extmial surfaces. 825bb and 825bc. of the 
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expansion cone segments 825 are arcuate such that when the expansion cone 
segments 825 are displaced in the direction of the end stop 420, the first and second 
external surfaces of the expansion cone segments provide a substantially continuous 
outer drcumferential surface for reasons to be described. 

As illustrated in Fig. 15i, in an exemplary embaJtment, the external surfaces, 
825bb, 825bc. and 825bd. of the second ends 825b of the expansion cone segments 
825 are adapted to mate with one another in order to interlock adjacent expansion 
cone segments. 

A split ring collar 830 that defines a passage 830a for receiving the tubular 
support member 815 is provided that includes a first end that includes plurality of T- 
shaped slots 830b for receiving and mating with corresponding T-shaped retaining 
members 8^a of the expansion cone segments 825 and a second end that includes 
an L-shaped retaining member 830a In an exemplary embodiment, the split ring collar 
830 is a conventional split ring collar commercially available from Halliburton Energy 
Servtees modified in accordance with the teachings of the present disclosure. 

A dog assend)ly 835 is provided that includes a fadHJlar sleeve 835a that defines 
a passage 835aa for receiving the tubular support member 81 5 and Includes a slot 
835ab for receiving and mating with the L-shaped retaining member 830c of the split 
ring collar 830, a counterbore 835ac, and a radial passage 835ad. An end of a load 
transfer pin 835b passes through the radial passage 835ad and is coupled to a 
retaining ring 835c that defines a passage 835ca for receiving the flange 81 5f of the 
tubular support member 815 and Is received within the counterbore 835ac of the 
tubular sleeve. A ring 835d that defines a passage 835da for receiving the tubular 
support member 815 and a spring 835e are also received within the counterbore 835ac 
of the tubular sleeve 835a between the flange 81 5f and the end of the oountert)ore. 
The other end of the load transfer pin 835b is coupled to an end of a tutnilar sleeve 
835f that includes a counterbore 8351a for receiving the tubular sleeve 835a, a radial 
passage 835fb for receiving a conventional r^ient dog 835g, a counterisore 835fc for 
receiving and mating with the flange 81 5e of the tubular support member 815, a flange 
835fd, and a flange 83Sfe including counterbores. 835fr and 835^, that mate with and 
receive the ftenge 815c of the tubular support member, and a radial passage 835fh. 

A first conventional packer cup assemtriy 840 ttiat defines a passsge 440a for 
receiving the tubular sleeve 835f includes a first end 840b that mates with the flange 
835fd of the tubular sleeve 835f, a conventtonal sealing cup 840c, and a second end 
840d. A tubular spacer 845 that defines a passage 845a for receiving the tubular 
steeve 835f includes a first end 845b that mates with the second end 840d of the first 
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packer cup assembly 840 and a second end 845c. A second conventional packer cup 
assembly 850 that defines a passage 850d for receiving the tubular sleeve 835f 
includes a first end 850b that mates with the second end 845c of the spacer 845, a 
conventional sealing cup 850c, and a second end 850d that mat^ with the flange 

5 835fe of the tubular sleeve. 

In an exemplary embodiment, during operation of the apparatus 800, as 
illustrated in Figs. 15 and 15a-15|. the apparatus may be initially positioned in the 
wellbore 100. within the casing 1 10, with the dog assembly 835 positioned In a neutral 
position in which the radial passage 81 5d of the tubular support member 815 is fluididy 

1 0 coupled to the radial passage 835fh of the dog assembly 835 and the expansion cone 
segments 825 are not driven up the tapered hexagonal portion 815gb of the expansion 
cone support body 81 5g of tte tubular support member 81 5 into contact with the stop 
member 320. In this manner, fluidic materials within the interior 815a of the tubular 
support member 815 may pass t^voigh the rauM passages, 81 5d and 835fh, into the 

1 5 annulus between the apparatus 800 and the casing 1 10 thereby preventing over 

pressurization of the anmilus. Furthenrnore, in this manner, the outside diameter of the 
expanston cone segments 825 is less than or equal to the outside diameter of the stop 
member 820 thereby pennnitting the apparatus 800 to be displaced within the casing 
110. 

20 As illustrated In Figs. 16, and 16a-16c, the apparatus 800 may then be 

positioned in the tubular member 120. During the insertion of the apparatus into the 
tubular member 120. the upper end 120b of the tubular member may impact the end of 
the resilient dog 835g of the dog assembly 835 thereby driving the resilient dog 835g 
backwards onto the shoukler 815ea of the flange 81 5e of the tubular support member 

25 815. As a result of the backward axial displacentent of the resilient dog 835g, the 

tubular sleeve 835f, the pin 835b, the retaining ring 835c, the ring 835d, and the spring 
835e of the dog assembly 835 are driven backward thereby compressing the spring 
835e and applying an axial biasing force to the tubular sleeve 835a that prevents the 
expanston cone segments 825 finom being displaced toward the end stop 820. 

30 The apparatus 800 may then be at least partially positk)ned in the open hole 

section 1 15a of the wellbora sedton 1 15, b^ond the tower end 120c of the tubular 
member 120. In an exemplary embodiment, that portton of the apparatus 800 that 
includes the stop member 820, the expanston cone segments 825. the split ring collar 
830, and the dog assembly 835 is then posittoned in the open hole section 1 15a of the 

35 wellbore sectton 1 1 5, beyond the lower end 120 of the tubular member for reasons to 
be described. Because the dog 835g of the dog assembly 835 Is resilient, once the 
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apparatus 800 has been positioned in the open hole section 1 1 5a of the wellbore 
section 1 15. beyond the tower end 120c of the tubular member 120. the resilient dog of 
the dog assembly nwy spring outwardly in the radial directton. 

The apparatus 800 may then be repositioned at least partially back within the 
5 tubular member 120. During the reinsertion of the apparatus Into the tubular member 
120. the tower end 120c of the tubular member may Impact the ends of the resilient 
dog 835g of the dog assembly 835 thereby driving the resilient dog fonward until the 
resilient dog is positioned onto the shoulder 815eb of the flange 815e of the tubular 
support member 81 5. 

10 As a result of the fonward axial displacement of the resilient dog 835g. the 

tubular sleeve 835f. the spring 835e. the ring 835d. the ring 835c the pin 835b. and the 
tubular sleeve 835a are displaced in«» forward axial diiwBon thereby also displacing 
the split ring collar 830 and the expansion cone segments 825 In the fbnward axial 
direction. As a result, the expansion cone segments 825 are driven up the tapered 
15 hexagonal portion 815gb of the expanston cone support body 815g of the tubular 

support member 815 Into contact with the stop member 320. Furthemwre. as a result 
of the fbnward axial displacement of the tubular sleeve 835f. the radial passages. 815d 
and 835fh. are fluididy decoupled. As a result fluidto materials within the tubular 
support member 81 5 may not pass into the annulus between the tubular support 

20 member and the tubular member 120. 

As a result of the fbnuwd axial displacement of the resilient dog 435e. the 
outside diameter of the expansion cone segments 825 Is now greater than the Inside 
diameter of expandable tubular member 1 20 thereby permitting the apparatus 800 to 
be used to radially expand and plastically deform the tubular member, and fluidic 

25 materials within the Interior 815a of the tubular support member 815 may no longer 

pass through the radial passages, 815d and 455ed. Into the annulus between the 
apparatus 800 and the tubular member thereby permitting the Interior of the apparatus 
to be pressurized. 

The apparatus 800 may then be operated to radially expand and plastically 
30 deform the tubular member 120 by applying an upward axial fbree to the tubular 

support member 815 and/or by Injecling a pressurized flukfic material Into the tubular 
support meml}er. 

In particular, as Illustrated in Figs. 17 and 17a-17c. the expandable tubular 
member 120 may then be radially expanded using the apparatus 800 by Injecting a 
35 fluidic material 275 Into the apparatus through the passages 805a. 810a. 815a. and 

820a. The Injection of the fluidto material 275 may pressurize the Interior 120a of the 
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expandable tubularmember 120. In addition, because the packer cup assemblies. 840 
and 850. seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 815. the injection 
of the fluldic material 275 may also pressurize the annular region. 
5 The continued injection of the fluldic material 275 n»y then pressurize the 

Interior 120a of the expandable tubular member 120 thereby plastically defomiing and 
radially expanding the expandable tubular member off of the expansion cone segments 
825. Because the outer surfaces. 825bb and 825bc. of the expansion cone segments 
825 are tapered, the plastic deformation and radial expansion of the expandable 
10 tubular member 120 proximate the expansion cone segnrwnts is facilitated. 
Furthermore, in an exemplary embodiment, the continued Section of the fluWic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 1 20 and the exterior surface of the tubular 
support member 815 that is bounded on the upper end by the packer cup assembly 
15 840 and on the lower end by the expanston cone segments 825. Furthermore, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially 
expands at least a portion of the surrounding portton of the expandable tubular member 
120. In this manner, the plastic deformation and radial expanston of the expandable 
tubular member 120 is enhanced. Furthennore. during operation of the apparatus 300. 
20 the packer cup assemblies 840 and 850 prevent the pressurized fluldic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 
length of the pressurized annular region 120aa. In an exemplary embodiment, the 
pressurization of the annular region 120aa decreases the operating pressures required 
for plastic deformatfon and radial expansion of the expandable tubular member 120 by 
25 as much as 50% and also reduces the angle of attack of the tapered external surfaces. 
825bb and 825bc of the expansion cone segments 825. 

The radial expansion of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable tubular member is radially expanded and 
plasUcally defonned atong with the overtapping portton of the weObore casing 1 10. 
30 Because the expanston cone segments 825 nwy be adjustably posltfoned from an 
outstoe diameter less than the inskle diameter of the expandable tubular member 120 
to an outsWe diameter substantially equal to the InsWe dianr»ter of the preexisting 
casing 110. the resulting we!lbor« casing. Including the casing 110 and the radially 
expanded tubular member 120. created by the operation of the apparatus 800 may 
35 have a single substantially constant inside diameter thereby providing a mon(Hliameter 
wellbore casing. 
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During the radial expansion process, the expansion cone segments 825 may be 
raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 815. In a prefened embodiment, during the 
radial expansion process, the expansion cone segments 825 are raised at 
5 approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stationary relative to the new wellbore section 115. 

In a preferred embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower portion of the wellbore casing 110 that overlap with 
one another are plastically deformed and radially expanded by the expansion cone 
10 segments 825. the expansion cone segments are displaoed out of the wellbore 100 by 
both the operating pressure wHhIn the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a preferred embodiment, the operating pressure and flow rate of the fluldic 
material 275 is contrdlably ramped down when the expansion cone segments 825 
15 reach the upper end portion of the expandable tubular member 120, In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
deformalibn of the expandable tubular member 120 off of the expansion cone 

segments 825 can be minimized. In a prefened embodiment, the operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 
20 extrusion process beginning when the expansion oone segments 825 are within about 

5 feet from completion of the extrusion process. 

Altematively. or in combination, the wall thickness of the upper end portton of 
the expandable tubular member 120 is tapered In order to gradually reduce the 
required operating pressure for plastically defbmiing and radially expanding the upper 
25 end portton of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Altematively. or in combination, a shock absortwr is provided In the tubular 
support member 805 In order to absort) the shock caused by the sudden release of 
pressure. The shock absort)er may comprise, for example, any oonventtonal 
30 commercially available shock absortw. bumper sub. orjare adapted for use in wellbore 
operations. 

Altematively. or in comblrwtton. an expansion cone catching stnjcture is 
provided In the upper end portton of the expandable tubular member 120 In order to 
catch or at least decelerate the expanston cone s^ments 825. 
35 Altematively. or in comblnatkm, during the radial expansion process, an upward 

axial face is applied to the tubular support member 815 sufficient to plastteally defomi 
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and radially expand the tubular member 120 off of the external surfaces. 225bb and 
225bc of the expansion cone segments 825. 

Alternatively, or In combination, in order to facilitate the pressurization of the 
Interior 1 20a of the expandable tubular member by the injection of the fluidic materials 
5 275. the region within the wellbore section 115 below the apparatus 800 may be 
fluldicly sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 
805. the tubular support member 810. the tubular support member 815. the end stop 
820. the expansion cone segments 825. the split ring collar 830. the dog assembly 835. 
10 the packer cup assembly 840, the spacer 845, and the packer cup asseirtbly 850 are 
removed from the wellbores 100 and 115. 

If the expansion cone segments 825 become lodged within the expandable 
tubular member 120 during the radial expanston process, then a ball 280 may be 
placed In the throat.815aa of the passage 815a of the tubular support member 815. 
1 5 The continued Nection of the fluldic material 275 following the placement of the ball 
280 m the throat 815aa of the passage 815a of the tubular support member will then 
pressurize the radial passage 815b and an annular portion 835fga of the countertwre 
835fg. As a result of the pressurization of the annular portion 835fga of the 
counterbore 835fg. the tubular sleeve 835f , the pin 835b. the retaining ring 835c. the 
20 ring 835d, the spring 835e. and the tubular sleeve 835a of the dog assembly 835. and 
the split ring collar 830 are driven backward thereby displacing the expansion cone 
segments 825 backwards in the axial direction away from the end stop 820. In this 
manner, the outside diameter of the expansion cone segments 825 is thereby reduced 
and the apparatus 800 nnay then be removed from the expandable tubular member 
25 120. . 

Referring now to Figs. 18a. 18b. 18c and 18d. an embodiment of an adjustable 
expansion cone assembly 900 will be described. The assembly 900 includes a tubular 
support member 905 that defines a passage 905a and Includes an expansion cone 
support flange assembly 905b that Is coupled to an end stop 910 that defines a 

30 passage 910a. The expansion cone support flange assembly 905b includes a first 
tubular end 905ba, a second tubular end 905bb. and an intermediate hexagonal 
conical tubular body 905bc that Includes a plurality of substantially Wentical and equally 
spaced apart expansion cone segment support stots 905bcaa-905bcaf on each of the 
facets of the hexagonal tubular body. 

35 A plurality of first expansion cone segments 915a-915c are provWed that 

Include T-shaped retaining members 915aa-915ca that mate with and are movably 
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received vnlhin the T^haped slots 905bcaa. 905bcac. and 905bcae of the hexagonal 
conical tubular body 905bc of the expansion cone support assembly 905b. T-shaped 
retaining members 915ab-915cb. exterior top surfaces 915ao915cc. exterior top 
surfaces 915ad-915cd. exterior top surfaces 915ae-915ce. exterior top surfaces 915af- 
5 915cf. and exterior top surfaces 915ag-915og. In an exemplary embodiment, the 
extertor top surfaces 915ac-915cc and the exterior top surfaces 915ad-915cd are 
arcuate conical surfaces in which the angle of attack of the exterior top surfaces 915ac. 
915CC is greater than the angle of attack of the exterior top surfaces 915ad-915cd. 

A plurality of second expanston cone segments 9208-9200. that are interieaved 
10 with and complementary shaped to the first expanston cone segments 915a-915c. are 
also provided that Include T-shaped retaining members 920aa-920ca that mate with 
and are movably received within the T-shaped slots 905bcab. 905bcad. and 905bcaf of 
the hexagonal conical tubular body 905bc of the expanston cone support assembly 
905b. T-shaped retaining members 920ab^20cb. exterior top surfaces 920ac-920cc. 
15 exteriortop8urf&c»8920ad-920cd.exteriorlop8urfaces920ae-920ce.exleriorto^ 
8urfaces920af-920cf.andexleriortopsurfaces920ag-920og. Inanexemplary 
embodbnent. the exterior top surfaces 920ac-920cc and the exterior top surfaces 
920ad.920cd are arcuate conical surfaces in whkjh the angle of attack of the exterior 
top surfaces 920ao-920cc is greater than the angle of attack of the exterior top 
20 surfaces 920ad-920od. 

A spot ring collar 925 Is provided that defines a passage 925a for receiving the 
tubular support member 905 that includes an L-shaped retaining member 925b at one 
end and another end of the split ring collar 925 includes T-shaped slots. 925c. 925d. 
925e, 925f. 925g. and 925h, for mating with and receiving the T-shaped retaining 
25 members. 915ab. 920ab. 915bb, 920bb. 915cb, and 920cb. of the expansion cone 

segments. 915a. 920a. 915b. 920b. 915c. and 920c. respectively. A tubular sleeve 930 
is provWed that defines a passage 930a for receiving the tubuter support member 905 
and that also includes a slot 930b for receiving and mating with the L-shaped retaining 
member 925b of the split ring collar 925. 
30 During operation of the assembly 900. as fliustrated In Figs. 18a. 18b. 18c and 

I8d. in an unexpanded posltton. the expansion cone segments. 915a. 915b. 915c. 
915d. 920a. 920b. 920c. and 920d are positioned adjacent to the base of the 
hexagonal conical tubular body 905bc of the expanston oone support flange 905b away 
fmm the end Stop 910. In this manner, the outside dtameter of the expansion cone 
35 segments b less than or equal to the maximum outskle diameter of the assembly. 
Furthemiore. in the unexpended position, the expanston cone segments. 915a. 915b. 
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and 915c. are positioned further away from the end stop 910 than the expansion cone 
segments. 920a. 920b, and 920c. 

As illustrated in Figs. 19 and 19a. the assembly 900 may then be expanded by 
displacing the tubular sleeve 930 and the split ring collar 925 in the axial direction 

5 towards the expansion cone segment support members 705bb. As a result, the 
expansion cone segments. 915a. 915b. 915c. 920a. 920b. 920c. are driven up the 
hexagonal conical tubular body 905bc of the expansion oone support flange 905b until 
the expansion cone segrnents Impact the end stop 910. In this manner, the outside 
diameter of the expansion segments. 915a. 915b. 915c. 920a. 920b. and 920c. b 

10 greater than the maximum diameter of the remaining components of the assembly 900. 
Furthemiore. the conical outer surfaces. 915ac. 915bc 915cc. 920ac 920bc. and 
920CC. and the conical outer surfaces. 915ad. 915bd. 915cd. 920ad. 920bd. and 920cd 

of the expansion cone segments. 915a, 915b. S15c. 920a. 920b. and 920c. 
respectively, may now be used to radially expand a tubular member. In an exemplaiy 

15 embodiment, the outer conical surfaces, 915ac. 915bc. 915cc. 920ac 920bc. and 

920CC and the conical outer surfaces. 915ad. 915bd. 915cd. 920ad. 920bd. and 920cd 
of the expansion cone segments. 915a. 915b. 915c. 920a. 920b. and 920c. 
respectively, m the expanded position of the assembly 900. provide a substantially 
continuous outer conical surfaces In the circumferential direction. Furthennore. note 

20 that m the expanded position of the assembly 900. the first set of expansion cone 
segments. 915a. 915b. and 915c. are brought Into alignment with the second set of 

expansion cone segments. 920a. 920b. and 920c. 

The assembly 900 may then be returned to the unexpanded position by 

displacing the tubular sleeve 930 and the split ring collar 925 in the axial direction away 
25 from the end stop 910. As a result, the expansion oone segments, 915a. 915b. 915c 

920a. 920b. and 920c are displaced away from the end top 910. down the conical 

hexagonal hjbular member 905bc and thereby are returned to a position m which the 

outside diameter of the expansion cone segments Is less than or equal to the maximum 

diameter of the remaining components of the assembly 900. 
30 In several alternative embodiments, the assembly 900 is incorporated into the 

assemblies 200. 300. 400. and BOO. 

Referring to Rg. 20a. an embodiment of an expansion cone segment assembly 

1000 Includes interiocklng expansion cone segments. 1000a. 1000b. 1000c. lOOOd. 

lOOOe. and lOOOf. 
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Referring to Fig. 20b. an embodiment of an expansion cone segment assembly 
1100 includes Interlocking expansion cone segments. 1100a. 1100b. IIOOc. llOOd. 
llOOe.andllOOf. 

Referring to Fig. 20c. an embodiment of an expansion cone segment assembly 
5 1200 Includes interiocking expansion cone segments. 1200a. 1200b, 1200c. 1200d. 
1200e,and 1200f. 

Referring to Fig. 20d, an embodiment of an expansion cone segment assembly 
1300 Includes interiocking expansion cone segments, 1300a, 1300b. 1300c. 1300d, 
1300e. and ISOOf. 

10 Referring to Fig. 20e. an embodiment of an expansion cone segment assembly 

1400 Includes Interiocking expanskwi cone segments, 1400a. 1400b. 1400c 1400d. 
1400e, and 1400f. 

Referring to Fig. 20f, an embodiment of an expansion cone segment assembly 
1500 Includes Intertpcking expansion cone segments. 1500a, 1500b. 1500c 1500d. 
15 1500e. and ISOOf. 

Referring to Fig. 20g. an embodiment of an acpanston cone segment assembly 
1600 includes Interiocking expanston cone segments. 1600a. 1600b. 1600c. 1600d. 
1600e. and 1600f. 

Referring to Fig. 20h. an embodiment of an expansion cone segment assembly 
20 1700 includes interiocking expansion cone segments. 1700a. 1700b. 1700c. 1700d. 
1700e. and 1700f. 

Referring to Fig. 20i. an embodiment of an expansion cone segment assembly 
1800 includes interiocking expansion cone segments, 1800a. 1800b. 1800c 1800d, 
1800e, and 1800f. 

25 Referring to Fig. 20j. an embodiment of an expansion cone segment assembly 

1900 includes Interiocking expansion cone segments. 1900a. 1900b. 1900c. 1900d, 
1900e. and 1900f. 

Refening to Fig. 20k, an embodiment of an expanston cone segment assembly 
2000 includes interiocking expansion cone segments. 2000a. 2000b. 2000c 2000d. 

30 2000e. and 2000f. 

Referring to Fig. 201. an embodiment of an expansion cone segment assembly 
2100 includes Interiocking expanston cone segments. 2100a. 2100b. 2100c 2100d. 
2100e. and 2100f. 

Refemng to Fig. 20m. an embodiment of an expansion cone segment assembly 
35 2200 Includes Interiocking expansion cone segments. 2200a. 2200b. 2200c. 2200d. 
2200e.and2200f. 
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The expansion cone segment assemblies 1000. 1100. 1200. 1300. 1400. 1500. 
1600. 1700. 1800. 1900. 2000, 2100. and 2200 provide enhanced operational 
properties such as. for example, efficient radial expansion of expandable tubular 
members and durability during operation. 

In several alternative embodiments, the design and operational features of the 
apparatus 200. 300. 400. 500. 600. 700. 800. 900. 1000. 1100. 1200. 1300. 1400. 
1500. 1600. 1700. 1800. 1900. 2000. 2100. and 2200 may be combined, in whole or In 
part, and/or the design and operational elements of the apparatus 200. 300. 400. 500. 
600. 700. 800. 900. 1000. 1100. 1200. 1300. 1400. 1500. 1600. 1700, 1800. 1900. 
2000, 2100, and 2200 may be interspersed among each other. 

In several alternative embodiments, the apparatus 200. 300. 400. 500. 600. 
700. 800. 900. and 1000. 1100. 1200. 1300. 1400. 1500. 1600. 1700. 1800. 1900. 
2000. 2100. and 2200 may be used to form or repair wellbore casings, pipelines, or 
■ structural supports. 

15 In several attemative embodiments, the apparatus 200. 300. 400. 500. 600. 

700. 800. 900. 1000. 1100. 1200. 1300. 1400. 1500. 1600. 1700. 1800. 1900. 2000. 
2100. and 2200 include two or more expansion cone segments that may be movably 
support and guided on a tapered expansion cone support body that may. for example, 
be conical, or may be a multt-slded body. 
20 In several alternative embodiments, the design and operation of the apparatus 

200. 300. 400. 500. 600. 700. 800. 900. 1000, 1100, 1200. 1300. 1400. 1500. 1600. 
1700. 1800. 1900. 2000. 2100. and 2200 are provided substantially as disclosed in one 
or more of the following: (1) U.S. patent application serial no. 09/454.139. attorney 
docket no. 25791 .03.02. filed on 1 2/3/1999. (2) U.S. patent application serial no. 
25 09/510.913. attomey docket no. 25791.7.02. filed on 2/23/2000. (3) U.S. patent 

application serial no. 09/502.350. attomey docket no. 25791.8.02. filed on 2/10C000. 
(4) U.S. patent application serial no. 09/440.338. attomey docket no. 25791.9.02. filed 
on 1 1/15/1999, (5) U.S. patent application serial no. 09/523.460. attorney docket na 
25791.11.02. filed on 3/10/2000, (6) U.S. patent appllcatkMi serial no. 09/512.895. 
30 attorney docket no. 25791.12.02. filed on 2C4«000. (7) U.S. patent applicatton serial 
no 09/511.941. attomey docket no. 25791.16.02. filed on 2«>4/2000, (8) U.S. patent 
appHcatten serial no. 09/588.946. attomey docket no. 25791 .17.02. fBed on 6/7/2000. 
(9) U.S. patent applteation serial no. 09/559.122. attomey docket no. 25791.23.02. filed 
on 4/26Q000. (10) PCT patent appHcatkjn serial no. PCT/USOO/18635. attomey docket 
35 no. 25791.25.02. filed on 7/9C000. (11) U.S. provisional patent applteation serial no. 
60/162.671. attomey docket no. 25791.27. filed on 11/1/1999. (12) U.S. provistonal 
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patent application serial no. 60/154.047. attorney docket no. 25791 .29. filed on 
9/16/1999, (13) U.S. provlstonal patent application serial no. 60/159.082, attorney 
docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159.039. attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
5 provisional patent application serial no. 60/159,033. attorney docket no. 25791.37. filed 
on 10/12/1999. (16) U.S. provisfonal patent application serial no. 60/212,359, attorney 
docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional patent application serial 
no. 60/165,228. attorney docket no. 25791.39. filed on 11/12/1999, (18) U.S. 
provisional patent application serial no. 60021,443. attorney docket no. 25791.45. filed 
10 on 7/28«5000. (19) U.S. provlstonal patent appllcatton serial no. 60/221 .645. attorney 
docket no. 25791 .46. filed on 7/28O000. (20) U.S. provisional patent appBcation serial 
no. 60/233.638. attorney docket no. 25791.47. filed on 9/18/2000. (21) U.S. provisional 
patent applteation serial no. 60037.334. attorney docket no. 25791 .48. filfed on 
10/20000. (22) U.S. provisional patent appBcation serial no. 60/270.007, attorney 
15 docket no. 25791.50. filed on 200/2001; and (23) U.S. provlstonal patent application 
serial no. 60062.434. attorney docket no. 25791.51. filed on 1/17/2001: and (24) U.S. 
provlstonal patent appllcalton serial no. 60059.486. attorney docket no. 25791.52. filed 
on 1/3/2001 , the dbctosures of virtiteh are incorporated tierein by reference. 

An apparatus for radially expanding a tubular member has been described that 
20 includes a tubular support member that includes a first tubular support body defining a 
longitudinal passage, a first lug coupled to and extending from the first tubular support 
body in the radial diredton. a second lug coupled to and extending from the first tubular 
support body in the radial direction, and an expansion cone support body coupled to 
the first tubular support body. The expansion cone support body includes an N-slded 
25 tapered tubular support member. v>rherein each side of the muW-sWed tapered tubular 
support member defines a T-shaped stot. N expanston cone segments are movably 
coupled to the expansion cone support body, each including an expansion cone 
segment body Including arcuate conical outer surfaces, a first T-shaped retaining 
member coupled to the expansion cone segment body for movably coupling the 
30 expansion cone segment body to a cotrespondtng one of the T-shaped stots of the 
expansion cone support body, and a second T-shaped retaining member coupled to 
the expansion cone segment body. A spilt ring collar assembly Is movably coupled to 
theexleriorof the tubular support member that indudesa second tubular support body 
defining N T-shaped stots for movably receiving corresponding ones of the second T- 
35 shaped retaining members of the expansion cone segments, and an L-shaped 
retaining member coupled to the second tubular support body. A first drag btock 
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assembly Is movably coupled to the tubular support member that includes a first drag 
block body defining a slot for receiving and mating with the L-shaped retaining member 
of the split ring collar, and a first J^haped slot for receiving the first lug. and one or 
more first drag blocks coupled to the first drag block body. A second drag block 
5 assembly Is movably coupled to the tubular support member that includes a second 
drag btock body defining a second J-shaped stot for receiving the second lug. and one 
or more second drag blocks coupled to the second drag bkx* body. First and second 
packer cups are coupled to the tubular support member between the first and secoruJ 
drag bkick assemblies. 

0 An apparatus for radially expanding a tubular member has also been described 

that includes a tubular support member that Includes a first tubular support body 
defining a tongitudinal passage, a first flange coupled to the first tubular support body, 
a second flange coupled to the first tubular support body, a first tapered flange coupled 
to the first tubular support body, a second tapered flange coupled to the first tubular 
15 support body, and an expansion cone support body coupled to the first tubular support 
body. The expanston core support body includes an N-sided tapered tubular support 
member, wherein each side ofihe muM-sided tapered tubular support member defines 
a T-shaped sk>L N expansion cone segments are movably coupled to the expansion 
cone support body, each including an expansion cone segment body including arcuate 
20 conical outer surfaces, a first T-shaped retaining member coupled to the expanston 
cone segment body for movably coupling the expansion cone segment body to a 
corresponding one of the T-shaped stots of the expansion cone support body, and a 
second T-shaped retaining member coupled to the expansion cone segment body. A 
split ring collar is movably coupled to the exterfor of the tubular support member that 
25 Includes a second tubular support body that defines N T-shaped slots for movably 
receiving corresponding ones of the second T-shaped retaining members of the 
expansion cone segments, and an L-shaped retaining member coupled to the second 
tubular support body. A first collet assembly Is movably coupled to the tubular support 
member that Includes a first tubular sleeve that defines a slot for receiving and matir^ 
30 with the L-shaped retaining member of the split ring collar, a first countertwre for 
receiving the first flange, and a first radial passage, a firet spring received v»rithm the 
first countertwre. a first retaining ring received within the first countert>ore. a first load 
transfer pin coupled to the first retaining ring and extending through the first radial 
passage, a second tubular sleeve coupled to the first load transfer pin. a first resilient 
35 collet coupled to the second tubular sleeve and positioned above the first tapered 
flange, and a third tubular sleeve coupled to the first resilient coUet A second odlet 
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assembly is movably coupled to the tubular support mert*er that includes a fourth 
tubular sleeve that defines a second counterbore for receiving the second flange, and a 
second radial passage, a second spring received within the second countert)ore, a 
second retaining ring received within the second countert)ore, a second load transfer 
S pin coupled to the second retaining ring and extending through the second radial 
passage, a fifth tubular sleeve coufrted to the second load transfer pin, a second 
resilient ctrflet coupled to ttie fifth tubular sleeve and positioned above the second 
tapered flange, and a sixth tubular steeve coupled to the second resilient collet First 
and second packer cups coupled to the tubular support member between the first and 
10 second collet assembnes. 

An apparatus for radially expanding a tubular member has also been described 
that Includes a tubular support nt»mber that includes a first tubular support body 
defining a longitudinal passage, a first radial passage defined in the first tubular support 
body fiUkJIdy coupted to the tongitudinal passage, a first flange coupled to the first 
15 tubular support body, a second flange coupled to the first tubular support body, a first 
tapered flange coupled to the first tubular support body, a second tapered flange 
coupled to the first tubular support body, and an ©xpanston cone support body coupled 
to the first tubular support body. The expansion cone support body includes an N- 
sided tapeiBd tubular support n»mber. wherein each side of the multi-sided tapered 
20 tubular support member defines a T-shaped slot N expansion cone segments are 
movably coupled to the expansion cone support body, each including an expansion 
cone segment body including arcuate conical outer surfaces, a first T-shaped retaining 
member coupled to the expansion cone segment body for movably cou^rfing the 
expansion cone segment body to a corr^ponding one of the T-shaped slots of the 
25 expansion cone support body, and a second T-shaped retaining member coupled to 
the expansion cone segment body. A split ring coHar Is movably coupled to the exterior 
of the tubular support member that includes a second tubular support body that defines 
N T-shaped stote for movably receiving corresponding ones of the second T-shaped 
retaiiftig members of the expansim cone segments, arnJ an L-shaped reteming 
30 member coupted to the second tobular support body. A first dog assembly Is movably 
coupled to the tubular support member that Includes a first tubular sleeve that defines a 
slot for receiving and mating with the t-shaped retaining member of the split ring collar, 
a first oountert)ore fbr receiving the first flange, and a second radial passage, a first 
spring received within the first counterbore. a first retaining ring received within the first 
35 counterbore. a first load transfer pin coupled to ttie first retaining ring and extending 
through the second radial passage, and a second tubular sleeve coupted to the first 
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load transfer pin that defines a second counterbore for receiving the first tubular sleeve, 
a first resilient dog coupled to the second tubular sleeve and positioned adjacent to the 
first tapered flange. A second dog assembly is movably coupled to the tubular support 
member that includes a third tubular sleeve that defines a second counterbore for 

5 receiving the second flange, a third radial passage, and a fourth radial passage fiuidiciy 
coupled to the first radial passage, a second spring received within the second 
counterbore, a second retaining ring received within the second counterbore, a second 
load transfer pin coupled to the second retaining ring and extending through the third 
radial passage, a fourth tubular sleeve coupled to the second load transfer pin, and a 

10 second resilient dog coupled to the fourth tubular sleeve and positioned adjacent to the 
second tapered flange. First and second p^er cups are coupled to the tubular 
support memt)er between the first and second dog assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a first tubular support body 

15 deRnirig a longitudinal passage including a throat passage, a first radial passage 

defined in the first tubular support body fluididy coupled to the longitudinal passage, a 
first flange coupled to the first tubular support body, a second flange coupled to the first 
tubular support body that defines a second radial passage defined in the second flange 
fluididy coupled to the longitudinal passage, a tapered flange coupled to the first 

20 tubular support body, and an expansion cone support body coupled to the first tubular 
support body. The expansion cone support body includes an N-sided tapered tubular 
support member, wherein each side of the multi-sided tapered tubular support member 
defines a T*shaped slot N expansion cone segments are movably coupled to the 
expansion cone support body, each induding an expansion cone segment body 

25 including arcuate conical outer surfaces, a first T-shaped retaining member coupled to 
the expansion cone segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped stots of the expansion oone support 
body, and a second T-shaped retaining memb^ coupled to the expansion cone 
segrront body. A split ring ooliar is movably coupled to the exterior of the tubular 

30 support member that indudes a second tubular support body that defines N T-shaped 
^ts for movably receivir^ corresponding ones of the second T-shai^ retaining 
members of the expansion cone segments, and an L-shaped retaining member 
coupled to the second tubular support body. A dog assembly is movably coupled to 
the tubular support member that indudes a first tubular sleeve that defines a slot for 

35 receiving and mating with the L-shaped retaining member of the spfit ring collar, a first 
counterbore for receh/ing the first flange, and a third radial passage, a spring received 
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within the first countert>ore. a retaining ring received within the first countertsore, a load 
transfer pin coupled to the retaining ring and extending through the third radial 
p^age, a second tubular sleeve coupled to the first load transfer pin tliat defines a 
first countBrt>ore for receiving the first tubular sleeve, a second counterbore for 

5 receiving and mating with the tapered flange, and includes a third flange that defines a 
third countert>ore for receiving the second flange, a fourth counterbore for receiving the 
second flange, and a fourth radial passage, and a resOient dog coupled to the second 
tubular sleeve and positioned adjacent to the tapered flange. First and second padcer 
cups are coupled to the tubular support member between the resilient dog and the third 

10 flange. 

An adjustable expansion cone assembly has also been described that includes 
a tubular support member that includes a tubular support body and an expansion cone 
support body coupled to the tubular support body. The expansion cone support body 
includes an N-sided tapered tubular support member, wherein each side of the multi- 

1 5 sided tapered tubular support member defines a T-shaped slot N expansion cone 
segments are movably coupled to the expansion cone support body, each including an 
expansion cone segment body including arcuate oonicai outer surfaces, a first T- 
shaped retaining member coupled to the expansion cone segment body for movably 
coupling the expansion cone segment tKxly to a corresponding one of the T-shaped 

20 slots of the expansion cone support body, and a second T-shaped retaining member 
coupled to the expansion cone segment body. A split ring collar is movably coupled to 
the exterior of the tubular support member that Includes a second tubular support body 
that defines N T-shaped slots for movably receiving conBsponding ones of the second 
T-shaped retaining members of the expansion cone segments, and an L-shaped 

25 retaining member coupled to the second tubular support body. A tubular actuating 
sleeve is movably coupled to the tubular support member that includes a third tubular 
support body that defines a slot for receiving and mating with the L-shaped retainirig 
member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes 

30 a tubular support member that includes a first tubular support body, and an expansion 
cone support body coupled to the tubular support body. The expansion cone support 
body includes a tapered tubular support member defining N stepped slots. An 
expansion cone assemtdy is movably coupled to the tubular support member that 
includes a second tubular support body movably coupled to the first tubular support 

35 body defining an L-shap^ slot, and N expansion cone segments extending from ttie 
second tubular support member. Each expansion cone segment includes a resilient 
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cdlet coupled to the second tubular support member, an expansion cone segment 
body coupled to the resilient collet induding arcuate conical outer surfaces, and a 
fBtaining member coupled to the expansion cone segment body for movabty coupling 
the expansion cone segment body to a corresponding one of the stepped slots of the 
expansion cone support body. A split ring collar is movably coupled to the exterior of 
the tubular support member that includes a third tubular support tx>dy, a first L-shaped 
retaining member coupled to the third tubular support body for mating with the L- 
shaped slot of the second tubular support body of the expansion cone assembly, and a 
second L-shaped retaining member coupled to the third tubdar body. A tubular 
actuating sleeve Is movably coupled to the tubular support member that includes a third 
tubular support body that defines a slot for receiving and nnating with the second L- 
shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that Includes 
a tubular support member that includes a first tubular support body, and an expansion 
cone support body coupled to the tubular support body. The expansion cone support 
body Includes a tapered tubular support member defining N slots. An expansion cone 
assembly is movably coupled to the tubular support member that includes a second 
tubular support body movably coupled to the first tubular support body defining an L- 
shaped slot, and N expansion cone segments extending from the second tubular 
support member. Each expansion cone segment includes a resilient collet coupled to 
the second tubular support member, ah expansion cone segment body coupled to the 
resilient collet including arcuate conical outer surfaces, and a retaining member 
coupled to the expansion cone segment body for movably coupling the expansion cone 
segment body to a corespondlng one of the slots of the expansion cone support body. 
A split ring collar Is movably coupled to the exterior of the tubular support member that 
includes a third tubular support body, a first L-shaped retaining member coupled to the 
third tubular support body for mating with the L-shaped slot of the second tubular 
support body, and a second L-shaped retaining member coupled to the third tubular 
support body. A tubular actuating sleeve Is movably coupled to the tubular support 
member that includes a third tubular support body that defines a slot for receiving and 
mating with the second L-shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that Includes 
a tubular support member that includes a first tubular support bcKly, and an expansion 
cone support body coupled to the tubular support body. The e)q>ansion cone support 
body Includes a tapered tubular support member defining N slots. An expansion cone 
assembly is movably coupled to the tubular support member that includes a second 
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tubular support body movably coupled to the first tubular support body defining an L- 
shaped slot, N/2 first expansion cone segments extending from the second tubular 
support member, and N/2 second expanston cone segments extending from the 
second tubular member. Each first expansion cone segment Includes a first resilient 
collet coupled to the second tubular suppwt member, a first expansion cone segment 
body coupled to the resilient collet including arcuate conical outer surfaces, and a first 
retaining member coupled to the expansion cone segment body for movably coupling 
the expansion cone segment body to a corresponding one of the slots of the expansion 
cone support body. Each second expansion cone segment Includes a second resilient 
collet coupled to the second tubular support member, a second expansion cone 
segment body coupled to the resilient collet including arcuate conical outer surfaces, 
and a second retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a conBsponding one of the 
slots of the expansion cone support body. The second expansion cone segments 
overlap and are interteaved with the first expansion cone segments. A split ring collar 
is movably coupled to the exterior of the tubular support member that includes a third 
tubular support body, a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second tubular support body, and a 
second L-shaped retaining niember coupled to the third tubular support body. A 
tubulsH' actuating sleeve is movably coupled to the tubular support member that 
includes a third tubular support body that defines a slot for receiving and mating with 
the second L-shaped retaining member of the split ring collar. 

An adjustable expanston cone assembly has also been described that includes 
a tubular support member that indudes a first tubular support body, and an expansion 
cone support body coupled to tfie first tubular support body. The expansion cone 
support body includes an N-sided tapered tubular support nriember, wherein each side 
of the multi-sided tapered tubular support nrTembw- defines a T-shaped slot N/2 first 
expansion cone segments are movably coupled to the expansion cone suppwt body, 
each Including a first expansion cone segment body Including arcuate conical outer 
surfeces, a first T-shaped retaining member coupled to the first expansion cone 
segment body for movably coupling the first expansion cone segment boOsf to a 
corresponding one of the T-shaped slots of the expansion cone support body, and a 
second T-shaped retaining member coupled to the first expansion cone segment body. 
N/2 second expansion cone segments are also movab^ coupled to the expansion cone 
support body, each Including a second expansion cone segn^ body including 
arcuate conical outer surfaces, a third T-shaped retaining member ccxipled to the 
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second expansion cone segment body for movably coupling the second expansion 
cone segment body to a corresponding one of the T-shaped slots of the expansion 
cone support body, and a fourth T-shaped retaining n^ennber coupled to the expansion 
cone segment body. The first and second expansion cone segments are interleaved. 
The first expansion cone segment bodies are complementary shaped with respect to 
the second expansion cone segment bodies. A split ring collar assembly is movably 
coupled to the exterior of the tubular support member that includes a second tubular 
support body that defines N T-shaped slots for nrravably receiving corresponding ones 
of the second and fourth T-shaped retaining members of the interieaved first and 
second expansion cone segments, and an L-shaped retaining member couple to the 
second tubular support body. A tubular actuating sleeve movably coupled to the 
tubular support member that includes a third tubular support body that defines a slot for 
receiving and mating with the L-shaped retaining member of the split ring coBar. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a first tubular suf^rt body 
defining a longitudinal passage, a fBrst lug coupled to and extending from the first 
tubular support body In the radial direction, and a second lug coupled to and extending 
from the first tubular support body In the radial direcUon. An adjustable expansicwi cone 
assembly is movably coupled to the tubular support member. A first drag block 
assembly is movably coupled to the tubular support member that includes a first drag 
bkx* body coupled to the adjustable expansion cone assembly that defines: a first J- 
shaped slot for receiving the first lug, and one or more first drag blocks coupled to the 
first drag block body. A second drag block assembly is movably coupled to the tubular 
support member that includes a second drag block body that defines: a second J- 
shaped slot for receiving the second lug, and one or more second drag blocks coupled 
to the second drag block body. First and second packer cups are coupled to the 
tubular support member between the first and second drag block assenri)lies. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage, a first flange owfted to the first tubular support body, 
a second flange coupled to the first tubular support body, a first tapered flange coupled 
to the first tubular support body, and a second tapered flange coupled to the first 
tubular support body. An adjustable expan$k>n oone assembly is movably coupled to 
the tubular support member. A first collet assembly is movably ccHipled to the tubular 
support member that includes a first tubular sleeve coupled to the adjustable expansion 
cone Ksembly and defines a first countertxm for reoehring the first fiange, and a first 
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radial passage* a first spring received within the first oounterbore, a first retaining ring 
received within ttie first counterbore, a first load transfer pin coupled to the first 
retaining ring and extending through the first radial passage, a second tubular sleeve 
coupled to the first load transfer pin, a first resilient collet coupled to the second tubular 

5 sleeve and positioned above the first tapered flange, and a third tubular sleeve coupled 
to the first resilient collet A second collet assembly is movably coupled to the tubular 
support meml)er that includes a fourth tubular sleeve that defines: a second 
counterbore for receiving the second flange, and a second radial passage, a second 
spring received within the second counterbore, a second retaining ring received within 

10 the second counterbore. a second load transfer pin coupled to the second retaining 
ring and extending through the second radial passage, a fifth tubular sleeve coupled to 
the second load transfer pin, a second resilient collet coupled to the fifth tubular sleeve 
and posMoned above the second tapered flange, and a sixth tubular sleeve coupled to 
the second resilient collet First and second packer cups are coupled to the. tubular 

15 support member between the first arKl second collet assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage, a first radial passage defined in the first tubular support 
body fluididy coupled to the longitudinal passage, a first flange coupled to the flrst 

20 tubular support body, a second flange coupled to the first tubular support body, a first 
tapered flange coupled to the first tubular support body, and a second tapered flange 
coupled to the first tubular support body. An adjustable expansion cone assembly is 
movably coupled to the tubular support member. A first dog assembly is movably 
coupled to the tubular support nr^ember that includes a first tubular sleeve coupled to 

25 the a($ustable expansion cone assembly that defines: a first counterbore for receiving 
the first flange, and a second radial passage, a first spring received within the first 
countertxKe, a first retaining ring received within the first counterbore, a first load 
transfer pin coupled to the first retaining ring and extending through the second radial 
passage, a second tubular sleeve coupled to the first load transfer pin that defines: a 

30 second counterbore for receiving the first tubular sleeve, a first resilient dog coupled to 
the second tubular sleeve and positioned adjacent to the first tapered fiange. A second 
dog assembly is movably coupled to the tubular supped member that includes a third 
tubular sleeve that defines a second oounteriaore for receiving the secorKl flange, a 
third radial passage, and a fourth radial passage fluidtcly coupled to the first radteit 

35 passage, a second spring received within the second counterbore, a second retaining 
rur^ received within the second counterbore, a secorKl lo^ transfer pin coupled tathe 
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second retaining ring and extending through the third radial passage, a fourth tulwlar 
sleeve coupled to the second load transfer pin. a second resilient dog coupled to the 
fourth tubular sleeve and positioned adjacent to the second tapered flange. First and 
second packer cups are coupled to the tubular support member between the first and 
second dog assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage including a throat passage, a first radial passage 
defined in the first tubular support body fluidlcly coupled to the longitudinal passage, a 
first flange coupled to the first tubular support body, and a second flange coupled to the 
first tubular support body that defines: a second radial passage defined In the second 
flange fiuldidy coupled to the longitudinal passage. An adjustable expansion cone 
assembly is nwvaWy coupled to the tubular support member. A dog assembly is 
movaWy coupled to the tubular support member that Includes a first tubular sleeve 
> coupled to the adjustable expansion cone assembly that defines a first countertwre for 

receiving the first flange, and a third radial passage, a spring received within the first 

countertxjiB, a retaining ring received within the first countertxxe. a load transfer pin 

coupled to the retaining ring and extending through the third radial passage, a second 

tubular sleeve coupled to the first load transfer pin that defines: a first counterbore for 

20 receiving the first tubular sleeve, a second countertwre for receiving and mating with 

the tapered flange, and Includes a third flange that defines a thinJ counterbore for 

receiving the second flange, a fourth counterisore for receiving the second flange, and 

a fourth radial passage, and a resilient dog coupled to the second tubular sleeve and 

positioned adjacent to the tapered flange. First and second packer cups are coupled to 

25 the tubular support member between the resifient dog and the third flange. 

An apparatus for radially expanding a tubular member has also been described 

that Includes a tubular support member, an adjustable expansion cone assembly 

movably coupled to the tubiJar support nwmber. whI means for adjusting the 

adjustable expan^on cone assembly. 
30 An adjustable expansion cone assembly has also been described that includes 

a tubular support member. An adjustable expansion cone is movably coupled to the 
tubular support member that includes a plurality of expansion cone segments, and 
means ibr guiding the expansion cone segnwnts on the tubular support member. The 
assembly further Includes means for adjusting the adjustable expansion cone. 
35 A method of operating an adjustable expansion cone assembly including a 

plurality of expansion cone segments has also been described that includes guiding the 
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expansion cone segments on a tapered body, and controllably displadng the 
expansion cone segments along the tapered l)ody. 

A method of operating an adjustable expansion cone assembly induding a 
plurality of expansion cone segments has also been described that includes guiding the 
5 expansion cone segments on a multi-sided tapered body, interlocking the expansion 
cone segments, and controllably displacing the expansion cone segments along the 
tapered body. 

A method of operating an adjustable expansion cone assembly induding a 
plurality of expansion cone segments has also been descnl)ed that indudes fasiliently 

10 guiding the expansion cone segments on a muW-sided tapered body, guiding each of 
the expansion cone segments on opposite sides in the drcumferentlal direction, 
Interiocking the expansion cone segments, and contrdlably displacing the expanston 
cone segments along the tapered body. 

A method of operating an adjustable expansion cone assembly induding a 

1 5 plurality of expansk>n cone segments has also been described that indudes divWIng 
the expansion cone segments into first and second groups of expanston cone 
segments, Interleaving the first and second groups of expanston cone segments, 
overlapping ttie first and second groups of expansion cone segments, resMently 
guiding the e)q>ansion cone segments on a multi-sided tapered body, guiding each of 

20 the expanston cone segments on opposite sides in the drcumferential direction, and 
controllably displadng the expansion cone segments along the tapered body. 

A method of operating an adjustable expanston cone assembly Induding a 
plurality of expansion cone segments has also been described that indudes dividing 
the expansion cone segments into first and second groups of expar^ion cone 

25 segments, interleaving the first and second groups of expanston cone segments. 

gukling the expanston cone segments on a multi-sided tapered body, and controllably 
displadng the expansion cone segments atong the tapered body while also relatively 
displadng the first and second groups of expanaon cone segmwits in opposite 
directions. 

30 A method of plastically defonfning and radially expanding an expandable tubular 

member i^ing an apparatus induding a tubular support member, an adjustable 
expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support menriber ft>r adjusting the adjustable 
expanston cone assembly, has also been descrtt)ed that indudes coupling a first end of 

35 the expandable tubular member to a tubular structure, locking the actuator to the 
tubular support member of the apparatus, inserting the apparatus into the first end of 
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the expandable tubular member, moving the actuator and the adjustable expansion 
cone assembly of the apparatus out of the second end of the expandable tubular 
member, reinserting the actuator of the apparatus into the second end of the 
expandable tubular member, unlocking the actuator from the tubular support member 
5 of the apparatus, rotating the actuator relative to the tubular support member of the 
apparatus, and increasing the outside diameter of the adjustable expansion cone 
assembly by moving the tubular support member relative to the actuator, the adjustable 
expansion cone assembly and the expandable tubular member, and plastlGally 
defomning and radially expanding the expandable tubular member by moving the. 
10 adjustable expansion cone assembly through the expandable tubular memt>er. 

A method of plastically defomrang and radially expanding an expandable tubular 
member using an apparatus including a tubular support member, an adjustable 
expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
1 5 expansion cone assembly, has also been described that includes coupling a first end of 
the expandable tubular member to a tubular structure, inserting the apparatus into the 
first end of the expandable tubular member in a first direction, displacing the actuator of 
the apparatus in a second direction opposite to the first direction, applying a resilimt 
biasing force to the adjustable expansion cone assembly in the second direction. 
20 moving tte actuator and the adjustable expansion cone assembly of the apparatus out 
of the second end of the expandable tubular member, reinserting the actuator of the 
apparatus into the second end of the expandable tubular member in the second 
direction, increasing the outside diameter of the adjustable expansion cone assembly 
by dlspladng the actuator and the adjustable expansion cone assembly relative to the 
25 expandable tubular member In the first direction, and plastically deforming and radially 
expanding the expandable tubular member by moving the adjustable expansion cone 
assembly thnMjgh the expandable tubular member in the second direction. 

An adjustable expansion cone assembly has also been described that includes 
a plurality of expansion cone segments, means for guiding the expansion cone 
30 segments on a tapered body, and means for controllably displacing the expansion cone 
segments along the tapered body. 

An adjustable expansion cone assemUy has also been described that includes 
a plurality of expafision cone segments, means for guiding the expansion cone 
segments on a multi-sided tapered body, means for interlocking the expanston cone 
35 segments, and means for controllably displacing the expanston oone segments atong 
the tapered body. 
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An adjustable expansion cone assembly has also been described that Includes 
a plurality of expansion cone segments, nneans for resiliently guiding the expansion 
cone segments on a multi*sided tapered body, means for guiding each of the 
expansion cone segments on opposite sides in the circumferential direction, means for 

5 interlocking the expansion cor^e segments, and means for controllabiy displacing the 
expansion cone segments along the tapered body. 

An adjustable expansion cone assembly has also been described that includes 
a plurality of expansion cone segments, means for dividing the expansion cone 
segments into first and second groups of expansion cone segments, means for 

10 Interleaving the first and second groups of expansion cone segments, means for 
overlapping the finst and second groups of expansion cone segments, means for 
resiliently guiding the expansion cone segments on a multt-sided tapered body, means 
for guiding each of the expansion cone segments on opposite sides in the 
circumferential direction, and means for controllabiy displacing the expansion cone 

1 5 segments along the tapered body. 

An adjustable expansion cone assembly has also k)een described that includes 
a plurality of expansion cone segments, means for dividing the expansion cone 
segments into first and secmd groups of expansion cone segments, means for 
interteaving the first and second groups of expansion cone segments, means for 

20 guiding the expansion cone segments on a muW-sided tapered body, and means for 
contrerilably displadng the expansion cone segments along the tapered body while also 
relatively displacing the first and second groups of expansion cone segments in 
opposite directions. 

An apparatus for plastically defomning and radially expanding an expandable 
25 tubular member has also been described that Includes a tubular support member, an 
adjustable expansion cone assembly movably coupled to the tubular support member, 
means for actuating the adjustable expansion cone assembly, means for locking the 
actuator to the tubular support member of the apparatus, means for unlocking the 
actuator from the tubular support member of the apparatus, and means for Increasing 
30 the oulskle diameter of the adjustable expansion cone assembly by moving the tubular 
support member relative to the actuator, the adjustable expansion cone assembly, and 
the expandabte tubular memtier. 

An apparatus for plastically defomning and radially expanding an expandable 
tubular member has also been described that includes a tubular support member, an 
35 adjustable expanskxi cone assembly movably coupled to the tubular support member, 
means for actuating the adjustable expanston cone assembly, means for displacing the 
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actuator of the apparatus in a first direction, mear^ for applying a resilient biasing force 
to the adjustable expansion cone assembly when the actuator is displaced in the first 
direction, and means for Increasing the outside diameter of the adjustable expansion 
cone assembly by displadng the actuator and the adjustable expansion cone assembly 
5 relative to the expandable tubular member in a second direction opposite to the first 
direction. 

Although illustrative enrtbodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some Instances, sonne features of the present invention 
10 may be employed without a coTespondIng use oif the other features. Accordingly, it is 
appropriate that the appended claims be construed teoadly and in a manner consistent 
with the scope of the invention. 
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Claims 

1. Method of plastically deforming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
5 expansion cone assembly movably coupled to the tubular support member, and an 
actuator movaWy coupled to the tubular support member for adjusting the adjustable 
expansion cone assembly, conqirming: 

coupling a first end of the expandable tubular member to a tubular structure: 

locking the actuator to the tubular support member of Ihe ^paratus; 
10 inserting the apparatus into the first end of the expandable tubular memben 

moving the actuator and the adjustable expansion cone assembly of the 
e4)pacatus out of the second end of the «<pandable tubular member; 

reinserting the actuator of the apparatus into the second end of the expandable 
tubulair member, 

15 untocWng the acUiator from the tubular support ntwmber of the apparatus: 

rotating the actuator relative to the hjbular support member of the apparatus; and 
increasing the outside diameter of the adgustable expansion cone assembly by 
moving the tubular support member lelatlve to the actuator, the adjustable expansion 
cone assembly, and the expandable tubular member; arwl 
20 plastically defbnnlng and radially expanding the expandable tubular member by 

moving the adjustable expansion cone assembly through the expandable tubular 
member. 

2. The method of claim 1. wherein the tubular support member Includes one or 
25 more lugs; virtierein the actuator includes one or more corresponding retaining slots; 

and wherein locking comprises positioning the lugs Into the corresponding retaining 
slots. 

3. The method of daim 1, wherein the tubular support member includes one or 
30 more lugs; wherein the actuator includes one or more corresponding retaining slots; 

and wherein untocWng comprises positk)ning the tugs out of engagement with 
conesponding r^aining stots. 

4. The method of dalm 1. wherein moving the tubular support member relative to 
35 the actuator, the adjustable expanston cone assembly, and the expandable tubular 

member comprises: 
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the actuator fridionaDy engaging the expandable tubular member. 

5. The method of daim 1 . wherein moving the adjustable expansion cone assembly 
through the expandable tubular member comprtees: 

5 pulling the adjustable expansion cone through the expandable tubular member. 

6. The method of daim 1 . further comprising: 

fluididy sealing the interface between the tubular support member of the 
apparatus and the expandable tubular member, 
10 wherein moving the adjustable expansion cone assembly through the 

expandable tubular m«iiber comprises: 

injecting a pressurized fluid into the tubular siqpport member. 

7. A method of plastically deforming and radially expanding an expandable tubular 
15 member using an apparatus comprising a tubular support member, an adjustable 

expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
expansion cone assembly, comprising: 

coupling a first end of the exparwIaWe tubular member to a tubular stnjcture; 
20 inserting the apparatus Into the first end of the expandable tubular member in a 

first direcUon; 

displadng the aduator of the apparatus in a second direction opposite to the first 
direction; 

applying a resilient biasing force to the adjustable expansion cone assembly in 
25 the second direction; 

moving the actuator and the adjustable expansion cone assembly of the 
apparatus out of the second end of the expandable tubular member, 

reinserting the aduator of the apparatus Into the second end of the expandable 
tubular nnember in the second diredion; 
30 increasing the outside diameter of the adjustable expansion cone assembly by 

displadng the actuator and the adjustabte expansion cone assembly relative to the 
expandable tubular member in the first direction; and 

plastically deforming and radially expanding the expandable tubular member by 
moving the adjustable e)?)ansion cone a$sentf)ly through the expandable tubular 
35 memt>er in the second diredion. 
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8. The method of dalm 7. wherein displacing the achjator of the apparatus in the 
second directton comprises: 

impacting the actuator with the first end of the expandable tubular member. 

5 9. The method of daim 7. wherein displacing the actuator and the adjustable 
expansion cone assembly relative to the expandable tubular member in the first 

direction comprises: 

impacting the actuator with the second end of the expandable tubular mOTber. 

10 10. The method of claim 7, wherein moving the adjustable expansion cone assembly 
through the expandable tubular member comprises: 

pulling the adjustable expanskMi cone thipugh the expandable tubular member. 

11. The method of daim 7. further comprising: 
15 fluidicly sealing the Interface between the tubular support member of the 

an>aratus and the expandable tubular nnember, 

wherein moving the adjustable expansion cone assembly through the 
expandable tubular member comprises: 

injecBng a pressurized fluid Into the tubular support member. 
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An apparatus for radially expanding a tubular memt>er, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first lug coupled to and extending from the first tubular support body in 

the radial direction; 
a second lug coupled to and extending from the first tubular support 

body in the radial direction; and 
an expansion cone support body coupled to the first tubular support 
body comprising: 

an N-sided tapered tubular support member; 
wherein each skte of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N e)q>ansion cone segments movably coupled to the expansion cone support 
body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfeces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 
t>ody to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion cone 
segment body; 

a split ring collar assembly movably coupled to the exterior of the tubular 
support member comprising: 
a secorKl tubular support body defining: 

N T-shaped slots for movably receiving conresponding ones of 
the second T-shaped retaining members of the 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support 
body; 

a first drag block assembly movably coupled to the tubular support member that 
comprises: 

a first drag block body defining: 
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a slot for receiving and mating with the L-shaped retaining 

nnember of the split ring collan and 
a first J-shaped slot for receiving the first lug; and 
one or nnore first drag bloclis coupled to the first drag block body; 
a second drag block assemUy movably coupled to the tubular support menrtber 
that comprises: 

a second drag block body defining: 

a second J-shaped slot for receiving the second lug; and 
one or more second drag blocks coupled to the second drag blodc body; 

and 

first and second packer cups coupled to the tubular support member between 
tte first and second drag block assemblies. 

An apparatus for iradially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body; 
a first tapered flange coupled to the first tubular support body; 
a second tapered flange coupled to the first tubular support body; and 
an expansion cone support body coupled to the first tubular support 
body comprising: 

an N-sided tapered tubular support member, 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 

an expansion cone segment body Including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for movaUy coupling the expanskxi cone segment 
body to a conresponding one of the T-shaped slots of the 
expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion cone 
segment txxly; 
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a split ring collar movabiy coupled to the exterior of the tubular support member 
comprising: 

a second tubular support body that defines: 

N T-shaped slots for movabiy receiving corresponding ones of 
the second T-shaped retaining members of the 
expansion cone segments; and 
an L-shaped retaining nrvember coupled to the second tubular support 
body; 

a first collet assembly movabiy coupled to the tubular support member that 
comprises: 

a first tubular sleeve defining: 

a slot for receiving and mating with the L-steped retaining 
member of the split ring collar. 

a first oountert)ore for receiving the first flange; and . 

a first radial passage; 
a first spring received within ttie first counteri3ore; 
a first retaining ring received within the first counterbore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the first radial passage; 
a second tubular sleeve coupled to the first load transfer pin; . 
a first resilient collet coupled to the second tubular sleeve and 

positioned above the first tapered flange; and 
a third tubular sleeve coupled to the first resilient collet; 
a second collet assembly movabiy coupled to the tubular support member that 
comprises: 

a fourth tubular sleeye defining: 

a seoond counterbore for receiving the second flange; and 

a seoond r^ial passage; 
a second spring received within the seoond counterbore; 
a second retaining ring leoeived within the seoond oourrterbore; 
a second load transfer pin coupled to the second retaining ring and 

extending through the seoond radial passage; 
a fifth tubular sleeve coupled to the second load transfer pin; 
a seoond resilient collet ooufried to the fifth tubular sleeve and 

petitioned above the seoond tapered flange; and 
a sbdh tubular sleeve coupled to the second resilient coDet; and 
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first and second packer cups coupled to the tubular support member between 
the first and second collet assemblies. 



An apparatus for radially expanding a tubular mennber. comprising: 
a tubular support member comprising: 

a first tubular support body definirtg a longitudinal passage; 

a first radial passage defined in the first tubular support body fluidicly 

coupled to the longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body; 
a first tapered flange coupled to the first tubular support tx>dy; 
a second tapered flange coupled to the first tubular suppwt body; and 
an expansion cone support body coupled to the first tubular support 
body comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion cone 
segment body; 

a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a second tubular support body defining: 

N T-shaped slots for movably receiving oonresponding ones of 
the second T-shaped retaining members of the 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support 
body; 
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a firet dog assembly movaWy coupled to the tubular support member that 
comprises: 

a first tubular sleeve defining: 

a slot for receiving and mating with the L-shaped retaining 

member of the split ring collar, 
a first counterbore for receiving the first flange; and 
a second radial passage; 
a first sprir^ received within the first counterbore; 
a first retting ring received wi*>ln the first counterbore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the secornl radial passage; 
a second tubular sleeve coupled to the first load transfer pin defining: 

a second counterbore for receiving the first tubular sleeve; 
a first resilient dog coupled to the second tubular sleeve and positioned 
adjaoont to the first tapered fiange; 
a second dog assembly movably coupled to the tubular support member that 

comprises: 

a thbd tubular sleeve defining: 

a second counterbore for receiving the second flange; 
a third radial passage; and 

a fourth radial passage fluididy coupled to the first radial 
passage; 

a second spring received within the second countertwre; 

a second retaining ring received within the second oountert)ore; 

a second load transfer pin coupled to the second retaining ring and 

extending through the third radial passage; 
a fourth tubular sleeve coupled to the second load transfer pin; 
a second resilient dog coupled to the fourth tubular sleeve and 
positioned acflaoent to the second tapered flange; and 
first and second packer cups coupled to the tubular support member between 
the first and second dog assemblies. 

An apparatus for radially expanding a tubular member, comprising: 
a tutHdar support member comprising: 

a firet tubular support body defining a longitudinal passage including a 
throat passage: 
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a first radial passage defined in the first tubular support t>ody fluididy 

coupled to the longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body definir^: 

a second radial passage defined in the second flange fluididy 
coupled to the longitudinal passage; 
a tapered flange coupled to the first tubular support body; and 
an expansion cone support body coupled to the first tubular support 

body comprising: 

an N-sided tapered tubular support member, 
wherein each side of the multi-sided tapered tubular support 
member defines a T-^haped slot; 
N expansion cone segments movably coupled to the expansion cone support 
. body, each comprising: 

an expansion cone segment body induding arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion cone 
segment body; 

a split ring collar nfx>vabiy coupled to the exterior qS the tubular support number 
comprising: 

a second tubular support body defining: 

N T-shaped slots for movabjy receiving corresponding ones of 
the second T-shaped retaining memt>ers of the 
expansion cone segments; and 
an L-shaped retaining memtier coupled to the second tubular support 
body; 

a dog assembly movably coupled to the tubular support member that 
oonrq^rises: 

a first tubular sleeve defining: 

a slot for reoeMng and mating with the L-shaped retaining 

member of the spilt ring oollan 
a first oounterbore for receiving the first flange; and 
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a third radial passage; 
a spring received within the first countert)ore; 
a retaining ring received within the first counteri3ore; 
a load transfer pin coupled to the retaining ring and extending through 

the third radial passage; 
a second tubular sleeve coupled to the first load transfer pin that 

defines: 

a first counterbore for receiving the first tubular sleeve; 
a second countert)ore for receiving and mating with the 
tapered flange; and 

comprises: 

a third flange defining: 

a third counterbore for receiving the second 
flange; 

a fourth countert)ore for receiving the second 

flange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and positioned 
adjacent to the tapered flange; and 
first and second packer cups coupled to the tububr support member between 
the resilient dog and the third flange. 

An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprising: 

an N-sided tapered tubular support member, 
wherein each side of the multi-sided tapered tubular support 
memt)er defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 
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body to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion cone 
segment body; 

5 a split ring collar movably coupled to the exterior of the tubular support member 

comprising: 

a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of 
the second T-shaped retaining memt)ers of the 
1 0 expansion cone segments; and 

an L-shaped retaining member coupled to the second tubular support 
body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 
com(mses: 

1 5 a third tubular support body defining: 

a slot for receiving and nrrating with the L-shaped retaining 
member of the split ring collar. 

6. An adjustable expansion cone assembly, comprising: 
20 a tubular support member comprising: 

a first tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
25 an expansion cone assembly movably coupled to the tubular support member 

comprising: 

a second tubular support body movably coupled to the first tubular 

support body defining an L-shaped slot; and 
N expansion oone segments extending from the second tubular support 
30 member, each expan^n cone segment comprising: 

a resilient collet ooufied to the second tubular support 
mernben 

an expansion cone segment body coupled to the resilient 
collet including arcuate conical outer surfeK^es: 
35 and 
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a retaining member coupled to the expansion cone 

segment body for movably coupling tlie expansion 
cone segment body to a corresponding one of the 
stepped slots of the expansion cone support 
. 5 body; 

a split ring collar movably coupled to the exterior of the tubular support member 
oomprising: 

a third tubular support body; 

a first L-shaped retaining memt)6r coupled to the third tubular support 
1 0 body for mating with the L-shaped slot of the second tubular 

support body of the expansion cone assembly; and 
a second L-shaped retaining member coupled to the third tubular body; 

and 

a tubular actuating sleeve movably coupled to the tubular support member that 
15 comprises: 

a third tubular support body defining: 

a slot for receiving and mating virfth the second L-shaped 
retaining member of the split ring collar. 



20 7. An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a first tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprising: 

25 a tapered tubular support menrtt)er defining N slots; 

an expansion cone assembly movably coupled to the tubular support member 
comprising: 

a second tubular support body movably coupled to the first tubular 
support body defining an L-shaped slot; and 
30 N expansion cone segments extending from the second tubular support 

mennber, each expansion cone segment oomprising: 

a resilient collet coupled to the second tubular support 
memben 

an expansion oone segment body coupled to the resilient 
35 collet including arcuate conical outer surfaces; 

and 
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a retaining member cxaipled to the expansion cone 

segment t)ody for movatriy coupling the expansion 
cone segment body to a corresponding one of the 
slots of the expansion cone support body; 
a split ring collar movably cou|^ to the exterior of the tubular support member 
comprising: 

a third tubular support body; 

a first L-shaped retaining number coupled to the third tubular support 
body for mating with the L-shaped slot of the second tubular 
support bod/, and 

a second L-shaped retaining member coiipled to the third tubular 
support body; and 

a tubuteir actuating sleeve movably coupled to the tubular support nnember that 
ccHTiprises: 

a third tubular support body defining: 

a slot for receiving and mating with the second L-shaped 
retaining member of the split ring collar 

An adjustable expansion cone assembly, comprising: 
a bibular support member comprising: 
a first tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
an expansion cone assembly movably coupled to the tubular support member 
comprising: 

a second tubular support body movably coupled to the first tubular 

support body defining an L-shaped slot; and 
N/2 first expansion cone segments externling from the second tubular 
support member, each first expansion cone segment comprising: 
a first resilient collet coupled to the secorKl tubular 

support member, 
a first expanston cone segment t)ody coupled to the 
resilient collet including arcuate conical outer 
surfoces; and 
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a first retaining memljer coupled to the expansion cone 
segment body for movalily coupling the expansion 
cone segment txxly to a conesponding one of the 
slots of the expansion cone support body; 
N/2 second expansion cone segments extending from the second 

tubular support member, each second expansion cone segment 
comprising: 

a second resilient coHet coupled to the second tubular 

support member; 
a second expanston cone segment body coupled to the 

resilient collet including arcuate conicd outer 
. surfaces; and 
a second retaining n»mber coupled to the expansion 
cone segment body for movably coupling the 
expansion cone segment body to a corresponding 
one of the slots of ttie expansion cone support 
body; 

whw^ the second expansion cone segments overlap and are 
interleaved with the first expansion cone segments; 
a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a third tubular support body; 

a first L^haped retaining member coupled to the third tubular support 
body for mating with L-shaped slot of the second tubular support 
body; and 

a second L-shaped retaining member coupled to the third tubular 
support body; and 

a tubular actuating sleeve nwvably coupled to the tubular support member that 
comprises: 

a thinJ tubtriar support body defining: 

a slot for receiving and mating wHth the second L-shaped 
r^ning member of ttw split ring collar. 



An adjustable expanston cone assembly, comprising: 
a tutHilar support member comprising: 
a first tubular support body; and 
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an expansion cone support body coupled to the first tubular support 
body ccmtprising: 

an N-sided tapered tubular support niember; 
wherein each side of the multi-sided tapered tubular support 
number defines a T-shaped slot; 
N/2 first expansion cone segments movabiy coupled to the expansion cone 
support body» each comprising: 

a first expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the first expansion cone 
segment body for movabiy coupling the first e)?)ansion cone 
segment body to a corresponding one of the Trshaped slots of 
the expansion cone support body; and 

a second T-shaped retaining member coupled to the first expansion 
cone segnnent body; 
N/2 second expansion cone segn^ents movabiy coupled to the expansion cone 

support body, each comprising: 

a second expansion cone segment body Including arcuate conical outer 
surfaces; 

a third T-shaped retaining member coupled to the second expansfon 
cone segment body for movabiy coupling the second e)q?ansion 
cone segment body to a comespondlng one of the T-shaped 
slots of the expansion cone support body; and 

a fourth T-shaped retaining member coupled to the expansion cone 
segment body; 

wherein the first and second expansion cone segments are interieaved; 
wherein d>e first expansion cone segment bodies are complementary shaped 

with respect to the second expansion cone segment bodies; 
a split ring collar assembly nx>vably coupled to the exterior of the tiAular 
support member comprising: 
a second tubular support t>ody defining: 

N T-shaped slots for movabiy receiving oonresponding ones of 
the second and fourth T-shaped retaining members of the 
Interieaved first and second expansion cone segments; 
and 
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an L-shaped retaining member coupled to the seoond tubular support 
body; and 

a tubular actuating sleeve movabty coupled to ttie tubular support member that 
comprises: 

5 a third tubular support body defining: 

a slot for receiving and mating with the L*shaped retaining 
member of the split ring collar. 



10. An apparatus for radially expanding a tubular member, comprising: 
10 a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first lug coupled to and extending from the first tubular support body in 

the radial direction; and 
a second lug coupled to and extending from the first tubular support 
1 5 body in the radial direction; 

an adjustable expansion cone assemt>ly movably coupled to the tiri)ular support 
member; 

a first drag block assembly movably coupled to the tubular support member that 
comprises: 

20 a first drag block body coupled to the adjustable expansion cone 

assembly defining: 

a first J-shaped slot for receiving the first lug; and 
one or more first drag blocks coupled to the first drag block body; 
a second drag block assembly movably coupled to the tubular support memt)er 
25 that comprises: 

a second drag block body defining: 

a second J-shaped slot for receiving the second lug; and 
one or more second drag blocks coupled to the second drag blodc t>ody; 
and 

30 first and second packer cups coupled to the tubular support member between 

the first and second drag block assemblies. 



1 1 . The apparatus of claim 10, v^erein the tubular support member further 
comprises: 

35 an expiandon cone support body coupled to the first tubular support body 

comprising: 



89 



an N-sided tapered tubular support member, 
wherein each side of the rmilti-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expanston cone 
support body, each comprising: 

an expansion cone s^ment body Including arcuate conical outer 
surfaces; 

a first leaped retaining member coupled to the expansion 
cone segment body for movably coupling the expansion 
cone segrnent body to a corresponding one of the T- 
shaped slots of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion 
cone segment body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
ones of the second T-shaped retaining members 
of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first drag block body further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 

12. The apparatus of dalm 10, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to tte tubular suppwt 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
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N expansion cone segments extending from the second tubular 
support member, each expansion cone segment 
comprising: 

a resilient ooliet coupled to the second tubular 

support memben 
an expansion cone segment body coupled to the 
resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
conBsponding one of the stepped slots of 
the expansion cone support body; and 
. a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
support member; 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

1 3. The apparati^ of daim 10, wherein the tubular support member further 

comprises: 

an expansion cone support body coupled to the first tubular support Ixxly 
comprising: 

a tapered tubular support nnember defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly moval>iy coupled to the tubular support 
member comprteing: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 



91 



N expansion cone segments extending from the second tubular 
support menrit)er, eacti expansion cone segment 

comprisirtg: 

a resilient collet coupled to the second tubular 
5 support member, 

an expansion cone segment body coupled to the 
resilient collet indudtng arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
1 0 cone segment body for movably coupling 

the expansion oone segment body to a 
corresponding one of the slots of the 
expansion cone support body; and 
a spilt ring collar movably coupled to the exterior of the tubular support 
1 5 member comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second 
tubular support body; and 
20 a second Ushaped retaining member coupled to the third tubular 

support t)ody; 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

25 

14. The apparatus of claim 10, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising* 

30 a tapered tubular support member defining N slots; 

wherein the adjustable exparislon cone assembly comprises: 

an expanskm cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
35 tubular support body defining an L-shaped slot; and 
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' N/2 first expansion cone segments extending from the second 
tubular support member, each first expansion cone 
segnnent comprising: 

a first resilient collet coupled to the second tubular 

support member; 
a first expansion cone segment body coupled to 
the resilient collet including arcuate conical 
outer surfaces; and 
a first retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
corresponding one of the sbts of the 
expansion cone support body; 
N/2 second expansion cone segments extending from the 

second tubular support member, each second expansion 
cone segment comprising: 

a seoond resilient collet coupled to the second 

tubular support member, 
a second expansion cone segment body coupled 
to the resilient collet including arcuate 
conical outer surfaces; and 
a second retaining member coupled to the 

expansion cone segment body for movably 
coupling the expansion cone segn^nt 
body to a con^ponding one of the slots of 
the expansion cone support body; 
wherein the second expansion cone segments overlap 
and are interleaved with the first expansion cone 
segments; and 

split ring ooUar movably coupled to the exterior of the tubular support 
merTd)er comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-$haped slot of the 
second tubular support body; and 
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a second L-shaped retaining member coupled to the third tubular 
support body; 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 



1 5. The apparatus of claim 10, wherein the tubular support mennber further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support memben 
wherein each side of the multi-sided tapered, tubular support 
member defines a T-shaped slot; 
virtierein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion 
cone support body» each comprising: 
a first expansion cone segment body including anxiate conical 
outer surfaces; 

a first T-shaped retaining member coupled to the first expansion 
cone segment body for movably coupling the first 
expansion cone segment body to a conresponding one of 
the T-shaped slots of the expansion cone support body; 
and 

a second T-shap^ retaining member coupled to the first 

e)q;)ansion cone segment body; 
N/2 second expansion cone segments movably coupled to the 
expansion cone st4}port body, each ccxnprising: 
a second expansion cone segment body including arcuate 

conical outer surfaces; 
a third T-shaped retaining member coupled to the second 

expansion cone segment body for nmvably coupling the 

second expansion cone segment body to a 

corresponding one (rf the T-shaped slots of the expansion 

cone support body; and 
a fourth T-shaped retaining member coupled to the expansion 

cone segment body; 
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wherein the first and second expansion cone segments are interleaved; 
wherein the first expanston cone segmertt bodies are complementary 

shaped with respect to the secorKJ expanston cone segment 

bodies; and 

a split ring collar assembly mo>^bly coupled to the exterior of the tubular 
support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
ones of the second and fourth T-shaped retaining 
members of the interteaved first and second 
expansion cone segments; and 
an L-shaped retaining nr^ember coupled to the second tubular 
support body; and 
wherein the first drag block body further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 

An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first flange coupled to the first tubular supp(»1 body; 

a second flange coupled to the first tubular support body; 

a first tapered flange coupled to the first tubular support body; and 

a second tapered flange coupled to the first tubular support body; 
an adjustable expansion cone assembly nfK>^bly coupled to the tubular support 

m&mber, 

a first collet assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve coupled to the adjustable expansion cone 
assembly and defining: 

a first Gounterbore for receiving the first flange; and 

a first radial passage; 
a first spring received within the first oounterbore; 
a first retaining fb\g received within the first oountert>ore; 
a first load transfer pin coupled to the first retaining ring and extending 

throi^h the first radial passage; 
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a second tubular sleeve coupled to the first load transfer pin; 
a first resilient collet coupled to the second tubular sleeve and 

positioned above the first tapered flange; and 
a third tubular sleeve coupled to the first resilient collet; 
5 a second collet assennbly movabty coupled to the tubular support member that 

comprises: 

a fourth tutnjlar sleeve defining: 

a second counterbore for receiving the second flange; and 
a second radial passage; 
10 a second spring received within the second oountert>ore; 

a second retaining ring received within the second counterbore; 
a second load transfer pin coupled to the second retaining ring and 

extending through the second radial passage; 
a fifth tubular sleeve coupled to the s^x)nd load transfer pin; 
15 a second resilient collet coupled to the fifth tubular sleeve and 

positioned above the second tapered flange; and 
a sixth tubular sleeve coupled to the second resilient collet; and 
first and second packer cups coupled to the tubular support member between 
the first and second collet assemblies. 

20 

17. The apparatus of claim 16, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

25 an N-sided tapered tubular support memben 

wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustatrie expansion cone assembly comprises: 

N expansion cone segments nwvably coupled to the expansion cone 
30 support body, each conr^rising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining menrit>er coupled to the expansion 

cone segment body for movably coupling the expansion 
35 cone segment body to a corresponding one of the T- 

shaped stots of the expansion cone support body; and 
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a second T-shaped retaining member coupled to the expansion 
cone segment body; and 
a spfit ring collar movabiy coupled to the exterior of the tubular support 
member comprising: 
5 a second tubular support body defining: 

N T-shaped slots for movabiy receiving corresponding 
ones of the second T-shaped retaining members 
of the expansion cone segments; and 
an L-shaped retaining memt>er coupled to the second tubular 
10 support body; and 

wherein the first tubular sleeve of the first collet assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 

15 18. The apparatus of claim 16. wherein the tubular supporii member further 
comprises: 

an expansion oone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
20 wherein the adjustable expansion oone assembly comprises: 

an expansion cone assembly movabiy coupled to the tubular stwport 
nnember comprising: 

a seoond tubidar support body movabiy coupled to the first 
tubular support tx>dy defining an L-shaped slot; and 
25 N expansion cone segments extending frcxn the secorKj tubular 

support member, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 
support member, 

30 an expansion oone segment body coupled to the 

resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for mov^ly coupling 

35 the expansion oone segment body to a 
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oorrespofKlir^ one of the stepped slots of 
the expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 

mennt}er comprising: 

a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body, and 

a second L-shaped retaining member coupled to the third tubular 
support member; 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
memt)er of the split ring collar. 

1 9. The apparatus of daim 16, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the ftet tubular support body 
oonnprising: 

a tapered tubular support nnember defining N slots; 
wherein the adjusiabie expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular suppcMt body movably coupled to the first 
tubular support body defining an L-shaped slot; and 

N expansion cone segments extending from the second tubular 
support m^ber, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 

support memben 
an expansion cone segment body coupled to the 

resilient collet including arcuate conical 

outer surfaces; and 
a retaining member coupled to the expansioh 

cone segment body for movably coupling 

the expansion cone segment body to a 
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corresponding one of the slots of the 
expansion cone support body; and 
a split ring collar movably coupled to the exterior cX the tubular support 

member comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second 
tubular support body; and 

a second L-shaped retaining member coupled to the third tubular 
support body; 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

20. The apparatus of daim 16, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending from the second 
tubular support member, each first expansion cone 
segment comprising: 

a first resilient collet coupled to the second tubular 

support member! 
a first expansion oone segment body coupled to 
the resilient collet Including arcuate conical 
outer surfaces; and 
a first retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion ocsne segment body to a 
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corresponding one of the stots of the 
expansion cone support body; 
N/2 second expansion cone segnients extendirtg from the 

second tubular support member, each second expansion 
5 cone segment comprising: 

a second resilient collet coupled to the second 

tubular support memben 
a second expansion cone segment body coupled 
to the resilient collet including arcuate 
10 . conical outer surfaces; and 

a second retaining member coupled to the 

expansion cone segment body for nrtovably 
coupling the expansion cone segment 
body to a corresponding one of theslotsof 
15. the expansion oone support body; 

wherein the second expansion oone segments overlap 
and are interleaved with the first expansion cone 
segments; and 

a split ring cdlar movably coupled to the exterior of the tubular support 
20 member comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
25 a second L-shaped retaining member coupled to the third tubular 

support body; 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receiving and mating with the second L*shaped retaining 
member of the split ring collar. 

30 

21 . The apparatus of claim 16, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

35 an N-sided tapered tubular support memben 
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wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion 
5 cone support body, each comprising: 

a first expansion cone segment body including arcuate conical 
outer surfaces; 

a first T-shaped retaining member coupled to the first expansion 
cone segment body for nrusvably coupling the first 
10 expansion cone segment body to a corresponding one of 

the T-shaped slots of the expansion cone support body; 
and 

a second T*shaped retaining member coupled to the first 
expansion cone segment body; 
15 N/2 second expansion cone segments movably coupled to the 

expansion cone support body, each comprising: 
a second expansion cone segment body including arcuate 

conical outer surfaces; 
a third T-shaped retaining member coupled to the second 
20 expansion cone segment body for nru>vably coupling the 

second expansion cone segment body to a 
conresponding one of the T-shaped slots of the expansion 
cone support body; and 
a fourth T*shaped retaining member coupled to the expansion 
25 cone segment body; 

wherein the first and second expansion cone segments are tnterteaved; 
wherein the first expansion cone segment bodies are complementary 
shaped writh respect to the second expansion cor^ segment 
bodies; and 

30 a split ring collar assembly movably coupled to the exterior of the tubular 

support member ccmqjrising: 
a second tubular support body defining: 

N T-shaped slots for movably recehrirtg corresponding 
ones of the second and fourth T-shaped retaining 
35 members of the interieaved first and second 

expansion cone segments; and 
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an L-shaped retaining member coupled to the second tubular 
support body; and 

wtierein the first tubular sleeve of the first collet assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 



An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first radial passage defined In the first tubular support body fluldicly 
coupled to the longitudinal passage; 

a first flange coupled to the first tubular support body; 

a second flange coupled to the first tubular support body; 

a first tapered flange coupled to the first tubular support body; and 

a second tapered flange coupled to the first tubular support body; 
an adjustable expansion cone assembly movably coupled to the tubular support 

member; 

a first dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve coupled to the adjustable expansion cone 
assembly defining: 

a first counterbore for receiving the first flange; and 

a second radial passage; 
a first spring received within the first counterbore; 
a first retaining ring received within the first counterbore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the second radial passage; 
a second tubular sleeve coupled to the first load transfer pin defining: 

a second counterbore for receiving the first tubular sleeve; 
a first resilient dog coupled to the second tubular sleeve and positioned 

adjacent to the first tapered flange; 
a second dog assenfibly movably coupled to the tubular support member that 
comprises: 

a third tubular sleeve defining: 

a second counterbons for recehnng the second flange; 
a third radial passage; and 
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a fourth radial passage fluklicly coupled to the first radial 
passage; 

a second spring received within the second counterbore; 

a second retaining ring received within the second countert)ore; 

a second load transfer pin coupled to the second retaining ring and 

extending through the third radial passage; 
a fourth tubular sleeve coupled to the second load transfer pin; 
a second resilient dog coupled to the fourth tubular sleeve and 
positioned adjacent to the second tapered flange; and 
first and second packer cups coupled to the tubular support member between 
the first and second dog assemblies. 

23. The apparatus of daim 22. wherein the tubular support member further 
cbmprisest 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support memben 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone 
support body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion 

cone segment t>ody for movably coupling the expansion 
cone segment txxJy to a corresponding one of the T- 
shaped slots of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion 
cone segment body; and 
a split ring collar movably coupled to the exterior of the tubular support 
memt>er comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
ones dl the second T-shaped retaining members 
of the expansion cone segments; and 
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an L*shaped retaining member coupled to the second tubular 
support body; and 
wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
5 the split ring collar. 

24, The apparatus of claim 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
10 comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

1 5 a second tubular support body movably coupled to the first 

tubular support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular 
support member, each expansion cone segment 
comprising: 

20 a resilient collet coupled to the second tubular 

support member, 
an expansion cone segment body coupled to the 
resilient collet induding arcuate conical 
outer surfaces; and 

25 a retaining member coupled to the expansion 

cone segment body for movably coupling 
the expansion cone segment body to a 
corresponding one of the stepped slots of 
the expansion cone support body; and 
30 a split ring coHar movably coupled to the exterior of the tubular support 

member comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
35 second tubular support body; and 
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a second L-shaped retaining member coupled to the third tubular 
support member, and 
wherein the first tubular sleeve of the first dog assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
5 member of the split ring collar. 

25. The apparatus of daim 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
10 comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coiq)led to the tubular support 
member comprising: 

15 a second tubular support body movably coupled to the first 

tubular support body defining an L-shaped slot; and 
N expansion cone segments extending fronn the second tubular 
support member, each expansion cone segment 
comprteing: 

20 a resilient collet coupled to the second tubular 

support member; 
an expansion cone segment body coupled to the 
resilient collet including arcuate conical 
outer surfaces; and 

25 a retaining member coupled to the expansion 

cone segment body for movably coupling 
the expansion oone segment body to a 
corresponding one of the slots of the 
expansion cone support body; and 
30 a split ring collar movably coupled to the exterior of the tubular support 

member comprising: 
a third tubular siqsport body; 

a first L-shaped retaining mervAer coupled to the third tubular 
support body ft)r mating with L-shaped slot of the second 
35 tubular support body; and 
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a second L-shaped retaining member coupled to the third tubular 
support t>ody; and 
wherein the first tubular sleeve of the first dog assembly further defines: 
a slot for recei\nng and nnating with the second L-shaped retaining 



26. The apparatus of daim 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 



a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion oone assembly movably coupled to the tubular support 
memt)er comprising: 



5 



member of the split ring collar. 



10 



comprising: 



15 



a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 

N/2 first expansion cone segments extending from the second 
tubular support member, each first expansion cone 
segment comprising: 



20 



a first resilient collet coupled to the second tubular 
support member, 



a first expansion cone segment body coupled to 
the resilient collet including arcuate conical 
outer surfaces; and 
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a first retaining member coupled to the expansion 
cone segment b<KJy for movably coupling 
the expansion cone s^ment body to a 
corresponding one of the slots of the 
expansion cone support body; 



30 



N/2 second expansion cone segments extending from the 

second tubular support member, eac^ secmd expansion 
cone segnnent comprising: 



a secofKl resilient collet coupled to the second 
tubular support member; 



106 



a second expansion cone segment body coupled 
to the resilient collet including arcuate 
conical outer surfaces; and 

a second retaining member coupled to the 

expansion cone segment body for movably 
coupling the expansion cone segment 
body to a corresponding one of the slots of 
the expansion cone support body, 
wherein the second expansion cone segments overlap 

and are interieaved with the first expansion cone 

segments; and 

a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for matir^ with the L-shaped slot of the 
second tubular support body; and 
a second L«shaped retaining member coupled to the third tubular 
support body; and 
wherein the first tubular sleeve of the first dog assembly further defines: 
a slot for receiving and ntating with the second L-shaped retaining 
member of the split ring collar. 

27. The apparatus of dalm 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tububr support member; 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustabte expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion 
cone support body, each comprising: 
a first expansion cone segment body Including arcuate conical 
outer surfaces; 
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a first T-shaped retaining member coupled to the first expansion 
cone segment body for movably coupling the first 
expansion cone segment body to a conBsponding one of 
the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retaining member coupled to the first 

expansion cone segment body; 
W2 second expansion cone segments movably coupled to the 
expansion cone support body, each comprising: 
a second expansion cone segment body including arcuate 

conical out^ surfaces; 
a third Trshaped retaining mmiber coi4>led to the second 

expansion cone segment body for movably coupling the 

second expansion cone segment body to a 

corresponding one of the T-shaped slots of the expansion 

com support body; and 
a fourth T-shaped retaining member coupled to the expansion 

cone segment body; 
wherein the first and second expansion cone segments are interleaved; 
wherein the first expansion cone segment bodies are complementary 
shaped with respect to the second expansion cone segment 
bodies; and 

a split ring collar assembly movably coupled to the exterior of the tubular 
support member comprising: 
a second tubular support body defining: 

N T-shaped slots for nfK)vably receiving conresponding 
ones of the second and fourth T-shaped retaining 
members of the interleaved first and second 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and matir^ with the L-shaped retaining member of 
the split ring collar. 



An apparatus for radially expanding a tubular member, oomprisfrig: 
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a tubular support member comprising: 

a first tubular support body defirting a longitudinal passage Including a 
throat passage; 

a first radial passage defir>ed in the first tubular support body fluididy 

coupled to the longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body defining: 

a second radial passage defined in the second flange fluididy 
coupled to the longitudinal passage; and 
an adjustable expansion cone assembly movably coupled to the tubular support 
member, 

a dog assembly movably coupled to the tubular support member that 
oomprises: 

a first tubular sleeve coupled to the adjustable expansion cone 
assembly defining: 

a first oounterbore for receiving the first flange; and 

a third radial passage; 
a spring received withh the first counteritore; 
a retaining ring received within the first countert)ore; 
a load transfer pin coupled to the retaining ring and extending through 

the third radial passage; 
a second tubular sleeve coupled to.the first load transfer pin that 

defines: 

a first counterbore for receiving the first tubular sleeve; 
a second counterbore for receiving and mating with the 
tapered flange; and 

cor^iprises: 

a third flange defining: 

a third counterbore for receiving the second 
flan^; 

a fourth oounterbore for receiving the second 

fiange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and poslttoned 
adjacent to the tapered flange; and 
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first and second packer cups coupled to the tubular support member between 
the resilient dog and the third flange. 

29. The apparatus of daim 28, wherein the tubular support member further 
5 comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support memben 
wherein eac^ side of the multi-sided tapered tubular support 
1 0 member defines a T*shaped slot; 

wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the e}q[)anslon cone 
support body, each comprising: 

an expansion cone segment body including arcuate conical outer 
15 surfaces; 

a first T-shaped retaining member coupled to the expansion 
cone segment body for movably coupling the expansion 
cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support body; and 
20 a second T-shaped retaining member coupled to the expansion 

cone segment body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a second tubular support body defining: 
25 N T-shaped slots for nK>vably receiving conesponding 

ones of the second T-shaped retaining members 
of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 

30 wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and ntating with the L-shaped retaining member of 
the split ring collar. 

30. The apparatus of daim 28, wherein the tubular supped member further 
35 comprises: 
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an expansion cone support body coupled to the tubular support body 

Gomprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 
5 an expansion cone assembly nwvably coupled to the tubular support 

member comprisir^: 

a second tubular support txxly movably coupled to the first 
tubular support body defining an L-shaped slot; arui 
N expansion cone segments extendir^ from the second tubular 
10 support member, each expansion cone segment 

comprising: 

a resHient collet coupled to the second tubular 

support member, 
an expansion ccme segnrient body coui^ed to the 
1 5 resilient collet including arcuate conical 

outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
20 corresponding one of the stepped slots of 

the expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body: 
25 a first L-shaped retaining member coupled to the third tubular 

support tKxly for mating with the L-shaped slot of the 
secorKl tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
support member, and 
30 wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating witti the second L-shaped retaining 
member of the split ring collar. 



31 . The apparatus of daim 28, wherein the tubular support member further 
35 comprises: 
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an expansion cone support body coupled to the first tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular 
support member, each expansion oone segment 
comprising: 

a resilient collet coupled to the second tubular 

support memben 
an expansion cone segment body coupled to the 
resilient collet including arcuate conical 
outer surfaces; arxl 
a retaining member coupled to the expansion 
cone segment body for movably ooupfing 
the expansion cone segment body to a 
corresporKiing one of the slots of the 
expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to me third tubular 

support body for mating with L-shaped slot of the second 
tubular support tody; ar^ 
a second L-shaped retaining member coupled to the third tubular 
support body; and 
wherein the first tubular sleeve of the dog ass^nbly further defines: 

a slot for receiving and mating with the second L-shaped letaining 
member of the split ring collar. 

32. The apparatus of daim 28, wherein the tubular support member further 
comprises: 
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an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending firom the second 
tutHJiar support member, each first expansion cone 
segment comprising: 

a first resilient collet coupled to the second tubular 

support memben 
a first expansion cone segment body coupled to 
the r^ilient collet including arcuate conical 
outer surfaces; and 
a first retaining member coupled to the expansion 
cone segment body for movat>ly coupling 
the expansion cone segment body to a 
corresponding one of the slots of the 
expansion cone support body; 
N/2 second expansion cone segments extending from the 

second tubular support member, each second expansion 
cone segment comprising: 

a secoTKl resilient collet coupled to the second 

tubular support memben 
a second expanston cone segment body coupled 
to the resilient collet indudbig arcuate 
conical outer surfaces; and 
a second retainhig member coupled to the 

expansion cone segment body for movably 
coupling fiie expansion cone segment 
body to a corresponding one of the slots of 
the expansion cone support txxly; 
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wherein the second expansion cone segments overlap 
and are interleaved with the first expansion cone 
segments; and 

a split ring collar movably coupled to the exterior of the tubular support 
5 member comprising: . 

a third tubular support body; 

a first L*shaped retaining member coupled to the third tubular 
support body for nnating with the L-shaf^ slot of the 
second tubular support body; and 
i 0 a second L-shaped retaining member coupled to the third tubular 

support body; and 
wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

15 _ , . 

33. Thd' apparatus of cteim 28. wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support txxiy 
comprising: 

20 an N-sided tapered tubular support nrvember 

wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

W2 first expansion cone segments movably coupled to the expansion 
25 cone support body, each comprising: 

a first expansion corte segment body including arcuate conical 
outer surfaces; 

a first T-shaped retiiining miember coupled to the first expansion 
cone segment body for movably coupling the first 
30 expansion cone segment body to a corresponding one of 

the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retsdning member coupled to the first 
expansion cone segment txxiy; 
35 N/2 second expansion cone segments movably coupled to the 

expansion cone support body, each comprising: 
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a second expansion cone segment body including arcuate 
conical outer surfaces; 

a third T-shaped retaining member coupled to the second 

expansion cone segment body for movably coupling the 
second expansion cone segment body to a 
conBsponding one of the T-shaped slots of the expansion 
cone support body; and 

a fourth T-shaped retaining member coupled to the expansion 
cone segment body; 
wherein the first and second expansion cone segments are Interleaved; 
wherein the first expansion.oone segment bodies are complenrientary 

shaped with respect to the second expanston cone segment 

bodies; and 

a split ring collar assemtdy movably coupled to the exterior of the tut>ular 
support member comprising: 
a second tubular support body defirung: 

N T-shaped slots for nruwably receiving corresponding 
ones of the second and fourth T-shaped retaining 
members of the interieaved first and second 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 

34. An apparatus for radially expanding a tubular member, comprising: 
a tubular support member, 

an adjustable expansion cone assembly movably coupled to the tubular support 
member; and 

means for adjusting the adjustable expansion cone assembly. 

35. The apparatus of daim 34, wherein the means for adjusting the adjustable 
expansion cone assembly comprises: 

frtotional means fen- adjusting the adjustable expansion cone assembly. 
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36. The apparatus of daim 34, wherein the means for adjusting the adjustable 
expansion cone assembly compnses: 

resilient means for adjusting the adjustable expansion cone assembly. 



5 37. An adjustable expansion cone assembly, comprising: 
a tubular support member, 

an adjustable expansion cone movably coupled to the tubular support member, 
comprising: 

a plurality of expansion cone segments; and 
10 means for guiding the expansion cone segments on the tubular support 

member, and 
means for adjusting the adjustable expansion cone. 



38. The adjustable expansion cone assembly of daim 37, wherein ttie adjustable 
1 5 expansion cone further comprises: 

means for interlocking the expansion cone segments. 

39. The adjustable expansion cone assembly of daim 37, wherein the means for 
adjusting the adjustable expansion cone comprises: 

20 resilient means for supporting the expansion cone segments. 



40. The adjustable expansion cone assembly of daim 37. wherein the expansion 
cone segments indude first and second interleaved groups of expansion cone 
segments. 

25 

41 . The adjustable expansion cone assembly of daim 40, wherein the means for 
adjusting the adjustable expansion cone comprises: 

means for dispiadng the first and second interleaved groups of expansion cone 
segments in opposite directions. 

30 

42. A method of operating an adjustable expansion cone assembly comprising a 
plurality of expansion cone segments, comprising: 

guiding the expansion cone segments on a tapered body; arui 

controliably dispiadng the expansion cone segments along the tapered body. 

35 



43. The method of daim 42, further oomprising: 
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iBSilientty guiding the expansion cone segments on the tapered body. 

44. The method of daim 42, further comprising: 
interiocking the expansion cone segments. 

45. The method of daim 42. further comprising: 

dividing the expansion cone segments into first and second groups of 

expansion cone segments; and 
interleaving the first and second groups of expansion cone segments. 

46. The method of daim 45. further comprising: 

overiapping the first and second groups of expansion cone segments. 



47. The method of daim 45, wherein oontroilably displadng the expansion cone 
15 segments along the tapered body comprises: 

displacing the first and second interieaved groups of expansion cone s^ments 
in opposite directions. 

48. A method of operating an adjustable expansion cone assembly comprising a 
20 plurality of expansion cone segments, comprising: 



guiding the expansion cone segments on a multi-sided tapered body; 
interiocking the expansion cone segments; and 

controUably displadng the expansion cone segments along the tapered body. 

25 

49. A method of operating an adjustable expanston cone assembly comprising a 
plurality of expansbn cone segments, comprteing: 

resiliently gukJing the expansion cone segments on a mulU-slded tapered body; 

guUing each of the expansion cone segments on opposite sMes in the 
30 droumferential directton; 

interiocking the expansion cone segments; and 

controllabiy displadng the expansion cone segments along the tapered body. 



50. A method of operating an adjustable expansion cone assembly comprising a 
35 plurality of expansion cone segments, oomprisir^: 
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dividing the expansion cone segments into first and seccmd groups of 

e)q;>ansion cone segments; 
interleaving the first and second groups of expansion cone segments; 
overlapping the first and second groups of expansion cone segments; 
5 resiliently guiding the expansion cone segments on a multi-sided tapered txxiy; 

guiding each of the expansion cone segments on opposite sides in the 

circumferential direction; and 
controllably displacing the expansion cone segments along the tapered body. 

10 

51 * A method of operating an adjustable expansion cone assembly comprising a 
plurality of expansion cone segments, comprising: 

dividing the expansion oone segments into first and second groups of 
. expansion cone segments; 
1 5 interleaving the first and second groups of expansion cone segments; 

guiding the expansion oone segments on a multi-sided tapered body; and 
controllably displacing the expansion oone segments along the tapered body 
while also relatively displacing the ftrsA and second groups of expansion 
cone segments In opposite directions. 

20 

52. A method of plastically deforming and radially expanding an expandable tubular 
memt)er using an apparatus comprising a tubular support member, an adjustable 
expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
25 expansion cone assembly, comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 
locking the actuator to the tubular support member of the apparatus; 
inserting the apparatus into the first end of the expandable tubular memben 
moving the actuator and the adjustable expansion cone assembly of the 
30 apparatus out (rf the second end of the expandable tubular mend>en 

reinserting the actuator of the apparatus into the second end of the expandable 
tubular member, 

unlocking the actuator from the tubular support member of the apparatus; 
rotating tto actuator relath^ to the tubular support member of ttte apparatus; 
35 and 
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increasing the outside diameter of the adjustable expansion cone assembly by 
nrK>ving the tubular support member relative to the actuator, the 
adjustable expansion cone assembly, and the expandable tubular 
member, and 

5 plastically deforming and radially expanding the expandable tubular member by 

moving the adjustable expansion cone assembly through the 
expandable tubular member. 

53. The method of claim 52, wherein the tubular support member includes one or 
10 more lugs; wherein the actuator includes one or more corresponding retaining slots; 

and wherein locking comprises positioning the lugs into the corresponding retaining 
slots. 

54. The method of daim 52, wherein the tubular support nrmmber includes one or 
15 more lugs; wherein the actuator includes one or more corresponding retaining slots; 

and wherein unlocking comprises posittoning the lugs out of engagement with 
corresponding retaining stots. 

55. The method of daim 52, wherein moving the tubular support member relative to 
20 the actuator, the adjustable expansion cone assembly, and the expandable tubular 

member comprises: 

the actuator fridionally engaging the expandable tubular member. 

56. The method of daim 52, wherein moving the adjustable expansion cone 
25 assembly through the expandable tubular member comprises: 

pulling the adjustable expansion cone through the expandable tubular member. 

The method of daim 52. further comprising: 
fluididy sealing the interface between the tubular support member of the 

apparatus and the expandable tubular member, 
wherein moving the adjustable expansion cone assembly through the 

expandable tubular member comprises: 
injecting a pressurized fluki Into the tubular support member. 



57. 

30 



35 



58. A method of plastically deforming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
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expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support nnember for adjusting the adjistable 
expansion cone assembly, comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 
5 Inserting the apparatus Into the first end of the expandable tubular member in a 

first direction; 

displacing the actuator of the apparatus in a second directton opposite to the 
first direction; 

applying a resilient teasing force to the adjustable expansion cone assembly in 
1 0 the second direction; 

moving the actuator and the adjustable expansion cone assembly of the 

apparatus out of the second end of the expandable tubular member, 
reinserting the actuator of the apparatus into the second end of the expandable 
tubular member in the second direction; 
1 5 increasing the outside diameter of the adjustable expansion cone assembly by 

displacing the actuator and the adjustable expansion cone assembly 
relative to the expandable tubular nnember In the first directton; and 
plastically deforming and radially expanding the expandable tubular member by 
moving the adjustable expansion cone assembly through the 
20 expandable tubiter member in the second direction. 

59. The method of daim 58. wherein displacing the actuator of the apparatus in the 
second direction comprises: 

impacting the actuator with the first end of the expandable tubular number. 

25 

60. The nr^thod of daim 58, wherein displadng the actuator and the adjustable 
expansion cone assembly relative to the expandable tubular member in the first 
direction comprises: 

impacting the actuator with the second end of the expandable tubular member. 

30 

61 . The method of daim 58, wherein moving the adjustable expansion cone 
assembly through the expandable tubular member comprises: 

pulling the adjustable expansion cone through the expandable tubular member. 

35 62. The method of daim 58. further comprising: 
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fluidicly sealing the interface between the tubular support member of the 

appafBtus and the expandable tubular member, 
wherein moving the adjustable expansion cone assembly through the 
expandable tubular member comprises: 
5 injecting a pressurized fluid into the tubular support member. 

63. An adjustable expansion cone assennbly, comprising: 
a plurality of expansion cone segments; 

means for guiding the expansion cone segments on a tapered body; and 
means for controllably displadng the expansion cone segments along the 
tapered body. 

The assemb^ of daim 63. further comprising: 

means for resiliently guiding the expansion cone segments on the tapered 
body. 

The assembly of daim 63. further comprising: 
means for intertodcing the expansion cone segments. 

The assembly of daim 63» further comprising: 

means for dividing the expansion cone segments into first and second groups of 

expansion cone segments; and 
means for interieaving the first and second groups of expansion cone 
segments. 

The assembly of daim 66, further comprising: 
means for overiapping the first and second groups of expansion cone 
segments. 

30 68. The assembly of daim 66, wherein the means for controllably displadng the 
expansion cone segments along the tapered body comprises: 

means for displadng the first and second interieaved groups of expansion cme 
segnnents in opposite directions. 

35 69. An adjustable expansicm cone assembly, compri^ng: 
a plurality of expansion cone segments; 



64. 

15 

65. 
20 66. 

25 

67. 
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means for guiding the expansion cone segments on a multi-sided tapered Ixxly; 
means for interlocking the expansion cone segments; and 
means for controllabty displacing the expansion oone segments along the 
tapered body. 

5 

70. An adjustable expansion cone assembly, comprising: 

a plurality of expansion cone segments; 

means for resilientiy guiding the expanston cone segments on a multi-sided 
tapered body; 

10 means for guiding each of the expansion cone segments on opposite sides in 

the circumferential direction; 
means for interlocking the expanston cone segments; and 
means for oontrollably displacing the expansion oone segments atong the 

tapered body. 

15 

71 . An adjustable expansion cone assembly, comprising: 

a plurality of expansion oone ^ments; 

means for dividing the expansic^ cone segments Into first and second groups of 
expanston cone segments; 
20 means for interleaving the first and second groups of expanston cone 

segments; 

means for overiapping the first and second groups of expanston cone 

segnr^ents; 

means for resilientiy gukling the expansion cone segments on a multi-sided 
25 tapered body; 

means for guiding each of the expansion cone segments on opposite sides in 

the circumferential direction; and 
means for controllably displacing the expansion cone segments along the 

tapered body. 

30 

72. An adjustable expansion cone assembly, comprising: 

a plurality of expanston cone segments; 

nr^ans for dividing the expansion oone segments bito first and second groups of 
expansion cone segments; 
35 means for interteaving the first and second groups of expansion oone 

segments; 
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means for guiding the expansion cone segments on a multi-sided tapered body; 
and 

means for controllably displacing the expansion cone segnients along the 

tapered body while also relatively displacing the first and second groups 
of expansion cone segments in opposite directions. 

73. An apparatus for plastically defonning and radially expanding an expandable 
tubular member, comprising: 

a tubular support nnemben 

an adjustable expansion cone assembly movably coupled to the tubular support 
member, 

means for actuating the adjustable expansion cone assembly, 
means for locking the actuator to the tubular support member of the apparatus; 
means for unlocking the actuator from the tubular support member of the 
apparatus; 

means for Inaeasing the outskle diameter of the adjustable expanston cone 

assembly by moving the tubular support member relative to the actuator, 
the adjustable expansion cone assembly, and the expandable tubular 
member. 

74. The apparatus of claim 73, wherein the tubular support member includes one or 
more lugs; wherein the actuator includes one or more conresponding retaining slots; 
and wherein the means for locking comprises positioning the lugs into the 
corresponding retaining slots. 

75. The apparatus of daim 73. wherein the tubular support mentber includes one or 
more lugs; wherein the actuator includes one or more corresponding retaining stots; 
and wherein the means for untocking comprises positioning the lugs out of engagement 
with conresponding retaining stots. 

76. The method of daim 73. further comprising: 

means for fluidk:ly sealing the inters between the tiAular support member of 
the apparatus and the expandable tubular member. 

77. An apparatus for plastically deforming and radially expanding an expandable 
tubular member, comprising: 
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a tubular support member; 

an adjustable expansion cone ass^biy movably ooupled to the tubular support 
member; 

means for actuating ttie adjustable expansion cone assembly; 
5 means for displacing the actuator of the apparatus rn a first direction; 

means for applying a resilient biasing force to the adjustable expansion cone 

assembly when the actuator is displaced in the first direction; 
means for increasing the outside diameter of the adjustable expansion cone 
assembly by displacing the actuator and the adjustable expansic^ cone 
1 0 assembly relative to the expandable tubular member in a second 

direction opposite to the first direction. 

78. The apparatus of daim 77, wherein the means for displacing the actuator of the 
apparatus in the first direction comprises: 

1 5 means for impacting the actuator. 

79. The apparata^ of daim 77, wherein the means for displadng the actuator and the 
adjustable expansion cone assembly relative to the expandable tubular member in the 
first direction comprises: 

20 means for impacting the actuator. 
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